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(54) TELESCOPIC SHAFT FOR STEERING VEHICLE AND TELESCOPIC SHAFT FOR STEERING 
VEHICLE WITH CARDAN SHAFT COUPLING 



(57) A telescopic shaft for steering of a vehicle is as- 
sembled in a steering shaft and includes a male shaft 
and a female shaft that are so fitted as not to be rotatable 
but to be slidable. Rolling members are fitted through 
an elastic body for pre-load between at least a pair of 
axially-extending grooves formed in an outer peripheral 
surface of the male shaft and in an inner peripheral sur- 
face of the female shaft. A slide member is fitted in be- 
tween at least another pair of axially-extending grooves 



formed in the outer peripheral surface of the male shaft 
and in the inner peripheral surface of the female shaft. 
When a steering toque is equal to or smaller than a pre- 
determined level, the elastic body for the pre-load ex- 
hibits a low rigidity characteristic as the elastic body per- 
forms pre-load action. When the steering torque is equal 
to or larger than the predetermined level, the slide mem- 
ber exhibits a high rigidity characteristic as the slide 
member engages with the pair of axially extending 
grooves. 
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Description 

Technical Field 

[0001] The present invention relates to a telescopic s 
shaft for steering of a vehicle and a telescopic shaft for 
steering of a vehicle with a Cardan shaft joint. 

Background Arts 

10 

[0002] In a steering apparatus for a vehicle, an inter- 
mediate shaft is provided, for instance, between a 
Cardan shaft joint provided on the side of a steering 
shaft and a Cardan shaft joint provided on the side of a 
steering gear. 15 
[0003] The intermediate shaft is constructed of a male 
shaft and a female shaft that are so spline-fitted, etc. as 
not to be rotatable but to be slidable on each other. The 
intermediate shaft is structured to be capable of trans- 
ferring a steering torque in a high rigidity state while pre- 20 
venting a backlash in order to surely transfer the steer- 
ing torque given from a driver to the steering gear, ab- 
sorbing an axis-directional displacement caused when 
the vehicle travels, and sliding (expandable/retractable) 
in the axial direction with a comparatively low and stable 25 
slide load so that the intermediateshaft can be expand- 
ed and retracted when disassembled and assembled. 
[0004] The intermediate shaft has, for cutting uncom- 
fortable "noises" and "vibrations" transferred to an inte- 
rior of a car room from traveling wheels and from an en- 30 
gine room, a buffer mechanism provided between the 
intermediate shaft and a yoke of the Cardan shaft joint 
as disclosed in, e.g., German Patent Laid-Open Publi- 
cation DE19905350A1. 

[0005] In this buffer mechanism., a buffer member 3s 
constructed by charging a space between an inner ring 
and an outer ring with a rubber, is provided between the 
intermediate shaft and the yoke of the Cardan shaft joint 
When the steering torque is equal to or smaller than a 
predetermined level, the buffer member can buffer and 40 
reduce the uncomfortable noises and vibrations trans- 
ferred from the engine room. 

[0006] Note that the yoke is formed with a cut portion, 
while the intermediate shaft is provided with an engag- 
ing member (a protruded cam). Owing to this configura- 
tion, when the steering torque is equal to or smaller than 
the predetermined level, the engaging member does not 
engage with the cut portion, and when the steering 
torque rises to become equal to or larger than the pre- 
determined level, the engaging member engages the 
cut portion, thus enabling the steering torque to be trans- 
ferred. A feeling of sharp steering can be therefore ac- 
quired. 

[0007] As described above, the intermediate shaft 
with the Cardan shaft joint has the buffer function in ad- 
dition to the steering torq ue transfer f u nction and the tel- 
escopic function. 

[0008] It is, however, required that the buffer mecha- 
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nism be provided on the side of the yoke of the Cardan 
shaft joint, and hence an effective utility space is re- 
duced proportionally to a space for the buffer mecha- 
nism. This is a comparatively narrow portion, and nev- 
ertheless a scheme of effectively utilizing the space can 
not be attained. Further, this is a hindrance to decrease 
both the number of parts and manufacturing costs. 
[0009] Moreover, a performance of absorbing the ax- 
is-directional displacement caused when the car travels 
and preventing the displacement and vibrations from 
being transferred onto a steering wheel, is required of 
the telescopic shaft of the steering mechanism of the 
car. Furthermore, the telescopic shaft is required to have 
a function by which a driver shifts and thus adjusts a 
position of the steering wheel in the axial direction in 
order to obtain an optimum position to driving the car. 
[0010] In each of these cases, the telescopic shaft is 
required to reduce the backlash noises, an unpleasant 
feeling about the backlash on the steering wheel and a 
slide resistance during a slide operation in the axial di- 
rection. 

£001 1 ] Such being the case, the male shaft of the tel- 
escopic shaft has hitherto been coated with a film of ny- 
lon, and the slide portion has been greased, thereby ab- 
sorbing or relieving metal noises, metal butting noises, 
etc. and reducing the slide resistance and the backlash 
caused in the rotating direction. 

[0012] It might, however, happen that the film of nylon 
is increasingly abraded with an elapse of its use, with 
the result that the backlash in the rotating direction aug- 
ments. Further, under a condition of being exposed to a 
high temperature within an engine room, the film of ny- 
lon changes in its volume and remarkably increases in 
slide resistance, and the abrasion thereof is conspicu- 
ously accelerated, resulting in an increase in the back- 
lash in the rotating direction. 

[0013] Under such circumstances, German Patent 
DE3730393C2 discloses that torque transfer members 
(spherical members) rolling when two shafts make rel- 
ative movements in the axial direction, are fitted in be- 
tween plural pairs of axially-extending grooves formed 
respectively in an outer peripheral surface of a male 
shaft and in an inner peripheral surface of a female 
shaft. 

[0014] Further, according to German Patent 
DE3730393C2, a pre-load elastic body (leaf spring) for 
giving pre-load to the male shaft and the female shaft 
through a torque transfer member (spherical member), 
is provided between an inward or outward portion of the 
torque transfer member (spherical member) in a radial 
direction and each pair of axially-extending grooves. 
[0015] With this configuration, when the torque is not 
transferred (when sliding), the leaf spring gives the pre- 
load to the torque transfer member (spherical member) 
against the female shaft to an extent large enough not 
to cause the backlash, thereby making it possible to pre- 
vent the backlash between the male shaft and the fe- 
male shaft and enabling the male shaft and the female 
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shaft to slide in the axial direction with a stable slide load 
without any backlash. 

[0016] Moreover, when the torque is transferred, the 
leaf spring is capable of restricting the torque transfer 
member (spherical member) in a peripheral direction, 5 
and therefore the male shaft and the female shaft can 
transfer the torque in a high rigidity state while prevent- 
ing the backlash in the rotating direction thereof. 
[0017] Besides, according to structures disclosed in 
FIGS. 1 through 5 in German Patent DE3730393C2, »o 
one leaf spring for giving the pre-load to a set of torque 
transfer members (spherical members) is connected in 
the peripheral direction to another leaf spring for giving 
the pre-load to another set of torque transfer members 
(spherical members) adjacent thereto in the peripheral *5 
direction through a circular-arc connecting portion (web) 
extending in the peripheral direction. 
[0018] The connecting portion (web) serves to gener- 
ate the pre-load in the two leaf springs by applying ten- 
sion or compression to the two leaf springs each other. 20 
[0019] Note that according to structures "disclosed in 
FIGS. 6 and 7 in German Patent DE3730393C2, the two 
leaf springs are not connected'through the connecting 
member (web), however, a separate elastic body is in- 
terposed between the leaf spring and the axially-extend- 25 
ing groove, thereby generating the pre-load in the radial 
direction. 

[0020] In the structure disclosed in the above Patent 
Docurhent, however, firstly, the pre-load is generated 
between the maleshaft, the spherical member and the 30 
female shaft, and hence a curvature of the leaf spring 
and a curvature of the axially-extending groove has 
been changed so that the leaf spring may be disposed. 
The leaf spring is therefore unable to take a large quan- 
tity of flexure thereof : Note that a scatter in working ac- 35 
curacy, if any, is not allowable with the quantity of flexure 
to that extent. 

[0021] Secondly, when the torque is inputted, the 
male shaft, the leaf spring, the spherical members and 
the female shaft get harrow down each other and thus *o 
transferthe torque, and therefore an extremely high sur- 
face pressure occurs at a contact point between the 
spherical member and the leaf spring. Namely, when the 
torque is transferred, a high stress occurs on the leaf 
spring, with the result that a "fatigue" of the leaf spring ts 
is induced by a permanent deformation, pre-load per- 
formance becomes hard to maintain over a long period 
of time, and this might be a hindrance to gain a longer 
life-time of the steering shaft. 

[0022] Thirdly, when the torque is transferred, the leaf 50 
spring slides sideways in the peripheral direction from 
the axially-extending groove, whereby a decline of the 
transfer torque is induced, a degree of hysteresis can 
not be managed, and the hysteresis might excessively 
occur. 55 
[0023] Fourthly, when a torque load is not applied, the 
contact points between the male shaft, the spherical 
member, the leaf spring and the female shaft do not exist 



on the same line, and hence contact angles change as 
the torque load is applied. As a result, neither a linear 
torsional characteristic necessary for the steering shaft 
nor the proper hysteresis might be obtained: 
[0024] It is a first object of the present invention, which 
was devised under the circumstances described above, 
to provide a telescopic shaft for steering of a vehicle and 
a telescopic shaft for steering of a vehicle with a Cardan 
shaft joint that are capable of sliding with a stable slide 
load while surely preventing a backlash, transferring a 
torque in a high rigidity state and, besides, having two- 
or three-staged torsional rigidity characteristics while 
scheming to effectively utilize a space and to reduce the 
number of parts. 

Disclosure of the Invention 

[0025] To accomplish the first object, a telescopic 
shaft for steering of a vehicle according to a first inven- 
tion is assembled in a steering shaft and including a 
male shaft and a female shaft that are so fitted as not to 
be rotatable but to be slidable, and is characterized in 
that: rolling members are fitted through an elastic body 
for pre-load between at least a pair of axially-extending 
grooves formed in an outer peripheral surface of the 
male shaft and in an inner peripheral surface.of the fe- 
male shaft; a slide member is fitted in between at least 
another pair of axially-extending grooves formed in the 
outer peripheral surface of the male shaft and in the in- 
ner peripheral surface of the female shaft; and when a 
steering toque is equal to or smaller than a predeter- 
mined level, the elastic body for the pre-load exhibits a 
low rigidity characteristic as the elastic body performs 
pre-load action, when the steering torque is equal to or 
larger than the; predetermined level, the slide member 
exhibits a high rigidity characteristic as the slide member 
engages with the pair of axially extending grooves, and 
two-staged torsional rigidity characteristics of the low ri- 
gidity characteristic and the high rigidity characteristic, 
are thereby provided. 

[0026] Thus, according to the first invention, when 
torque is transferred, two types of roller members and 
slide member are employed, and the elastic body gives 
the pre-load to the rolling members against the female 
shaft to an extent large enough not to cause the back- 
lash, whereby the male shaft and the female shaft can 
slide with the stable slide load in the axial direction while 
surely preventing the backlash between the male shaft 
and the female shaft. ; 
[0027] When the torque is transferred, the slide mem- 
ber engages with the pair of axially-extending grooves 
in the peripheral direction and can thus be restricted, 
and further the rolling members can be restricted in the 
peripheral direction by the elastic body. If. is therefore 
possible to transfer the torque in a high rigidity state by 
certainly preventing the backlash in the rotating direc- 
tion between the male shaft and the female shaft. 
[0028] Moreover, when the steering toque is equal to 
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orsmaller than the predetermined level, the elastic body 
for the pre-load exhibits the low rigidity characteristic as 
the elastic body performs pre-load action. On the other 
hand, when the steering torque is equal to or larger than 
the predetermined level, the slide member exhibits the 
high rigidity characteristic as the slide member engages 
with the pair of axially extending grooves in the periph- 
eral direction. 

[0029] Namely, when the steering torque is equal to 
orsmaller than the predetermined level, the elastic body » 
buffers and thus reduces uncomfortable noises and vi- 
brations transferred from an engine room by the pre- 
load action thereof. While on the other hand, when the 
steering torque rises to become equal to or larger than 
the predetermined level, the slide member engages with »• 
the pair of axially-extending grooves in the peripheral 
direction, and can thus transfer the steering torque, 
whereby a feeling of sharp steering can be acquired. 
[0030] Accordingly, the torque transfer/slide mecha- 
nism serves also as a buffer mechanism, and hence it 21 
is possible to provide the telescopic shaft exhibiting the 
two-staged torsional rigidity characteristics in a way that 
effectively makes the use of a space and reduces both 
of the number of parts and manufacturing costs. 
[0031] A telescopic shaft for steering of a vehicle with 2i 
a Cardan shaft joint according to a second invention is 
assembled in a steering shaft; including a male shaft 
and a female shaft that are so fitted as not to be rotatable 
but lo be slidable and receiving a connection of a yoke 
of a Cardan'shaft joint, and is characterized in that: roll- 30 
ing members are fitted through an elastic body for pre- 
load between at least a pair of axially-extending grooves 
formed in an outer peripheral surface of the male shaft 
and in an inner peripheral surface of the female shaft; a 
slide member is fitted in between at least another pair 3s 
of axially-extending grooves formed in the outer periph- 
eral surface of the male shaft and in the inner peripheral 
surface of the female shaft; a buffer member is inter- 
posed between the yoke and any one of the male shaft 
and the female shaft; the yoke is formed with an en- 40 
gaged portion, and any one of the male shaft and the 
female shaft is provided with an engaging member ca- 
pable of engaging with and disengaging from the en- 
gaged portion; and when a steering toque is equal to or 
smaller than a predetermined level, the engaging mem- 45 
ber does not engage with the engaged portion while the 
buffer member exhibits a low rigidity characteristic as 
the buffer member performs buffer action, when the 
steering torque falls within a predetermined intermedi- 
ate range, the elastic body for the pre-load exhibits an so 
intermediate rigidity characteristic as the elastic body 
performs pre-load action, when the steering torque is 
equal to or larger than the predetermined level, the en- 
gaging member engages with the engaged portion while 
the slide member exhibits a high rigidity characteristic 55 
as the slide member engages with the pair of axially- 
extending grooves in a peripheral direction, and three- 
staged torsional rigidity characteristics of the low rigidity 



characteristic, the intermediate rigidity characteristic 
and the high rigidity characteristic, are thereby provided. 
[0032] Thus, according to the second invention/when 
the steering torque is equal to or smaller than the pre- 

s determined level, the engaging member does not en- 
gage with the engaged portion, and the buffer member 
exhibits the low rigidity characteristic as it performs the 
buffer action. When the steering torque is within the pre- 
determined intermediate range, the elastic body for the 

? pre-load exhibits the intermediate rigidity characteristic 
as it performs the pre-load action. On the other hand, 
when the steering torque is equal to or larger than the 
predetermined level, the engaging member engages 
with the engaged portion, and the slide member engag- 

> es with the pair of axially-extending grooves in the pe- 
ripheral direction and exhibits the high rigidity charac- 
teristic. 

[0033] Namely, when the steering torque is equal to 
or smaller than the predetermined level, the engaging 
' member does not engage with the engaged portion, and 
the buffer member can buffer and thus reduce the un- 
comfortable noises and vibrations transferred from the 
engine room. When the steering torque is within the pre- 
determined intermediate range, the elastic body for the 
pre-load raises the torsional rigidity stepwise by the pre- 
load action thereof. On the other hand, when the steer- 
ing torque rises to become equal to or larger than the 
predetermined level, the engaging member engages 
with the engaged portion, and the slide member engag- 
es with the pair of axially-extending grooves in the pe- 
. ripheral direction, thus transferring the steering torque. 
The feeling of sharp steering can be therefore acquired. 
[0034] Accordingly, if the telescopic shaft serves also 
as a torque transfer/slide/buffer mechanism, the buffer 
mechanism is provided separately on the yoke-side, the 
telescopic shaft having the three-staged torsional rigid- 
ity characteristics can be provided. 
[0035] It is an object of a third invention of the present 
application to provide a telescopic shaft for steering of 
a vehicle that is capable of actualizing a stable slide 
load, surely preventing the backlash in the rotating di- 
rection, transferring the torque in the high rigidity state, 
besides setting a quantity of flexure of the leaf spring 
comparatively large, improving durability of pre-load 
performance, preventing hysteresis from becoming ex- 
cessive, and acquiring a linear torsional characteristic 
necessary for the steering shaft. 

[0036] A telescopic shaft for steering of a vehicle ac- 
cording to the third invention is assembled in a steering 
shaft and including a male shaft and a female shaft that 
are so fitted as not to be rotatable but to be slidable, and 
is characterized in that: a first torque transfer member 
is interposed through an elastic body in at least one line 
of axially-extending groove formed in each of an outer 
peripheral surface of the male shaft and an inner periph- 
eral surface of the female shaft; a second torque transfer 
member is interposed between at least another line of 
axially-extending groove formed in each of the outer pe- 
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ripheral surface of the male shaft and the inner periph- 
eral surface of the female shaft; and the elastic body 
includes a transfer member sided contact portion mak- 
ing contact with the first torque transfer member, a 
groove surface sided contact portion spaced at a pre- s 
determined interval substantially in a peripheral direc- 
tion from the transfer member sided contact portion, and 
making contact with a groove surface of the axially-ex- 
tending grooveofthe male shaft orthe female shaft, and 
a biasing portion elastically biasing the transfer member »o 
sided contact portion and the groove surface sided con- 
tact portion in such a direction as to get separated from 
each other. 

[0037] Thus, according to thethird invention, the elas- 
tic body includes the transfer member sided contact por- '5 
tion making contact with the first torque transfer mem- 
ber, the groove surface sided contact portion spaced at 
the predetermined interval substantially in the peripher- 
al direction from the transfer member sided contact por- 
tion, and making contact with the groove surface of the 20 
axially-extending groove of the male shaft or the female 
shaft, and the biasing portion elastically biasing the 
transfer member sided contact portion and the groove 
surface sided contact portion in such a direction as to 
get separated from each other. Accordingly, the elastic 25 
body, with its transfer member sided contact portion ca- 
pable 6f getting sufficiently flexural through the biasing 
portion, is therefore capable of ensuring an ample quan- 
tity of flexure thereof. 

[0038] Further, because of including the second 30 
torque transfer member in addition to the first torque 
transfer members, when the torque is transferred, the 
second torque transfer member makes contact with the 
axially-extending grooves of the male shaft and of the 
female shaft earlier than the excessive load (stress) is 35 
applied on the elastic body, and are capable of mainly 
transferring the torque, and consequently the excessive 
load (stress) is applied on neitherthe first torque transfer 
members northe elastic body. 

[0039] Moreover, the elastic body can ensure the suf- <*» 
ficient quantity of flexure, and the excessive load 
(stress) is applied on neitherthe first torque members 
nor the elastic body. Therefore, when the torque is trans- 
ferred, the stress generated at the contact portion be- 
tween the first torque member and the elastic body can ^ 
be relieved, whereby none of the high stress occurs and 
the pre-load performance can be maintained over a long 
period of time by preventing a "fatigue" due to the per- 
manent deformation. 

[0040] Still further, in the elastic body, the transfer so 
member sided contact portions thereof are in contact 
with the first torque transfer member, and the groove 
surface sided contact portions thereof are in contact with 
the groove surfaces of the axially-extending groove. 
Therefore, the elastic body is in the state of fitting into 55 
the axially-extending groove Accordingly, when the 
torque is transferred, the whole of the elastic body is 
hard to slide sideways in the peripheral direction from 



the axially-extending groove. Hence, a decrease in the 
transfer torque is not induced, and the hysteresis can 
be prevented from becoming excessive. 
[0041 ] Furthermore, contact points between the male 
shaft, the spherical member, the elastic body and the 
female shaft stay on the same line irrespective of the 
state of the torque load, and therefore the contact angle 
does not change. This makes it possible to acquire the 
linear torsional characteristic necessary for the steering 
shaft and also a linear steering characteristic giving the 
feeling of the high rigidity. 

[0042] Note, that manufacturing errors of the male 
shaft, the female shaft and the elastic body can be ab- 
sorbed by the elastic deformation of the elastic body, so 
that machining of the groove is not required, and the 
costs can be reduced. 

[0043] ■ In the telescopic shaft for the steering of the 
vehicle according to the third invention, preferably the 
first torque transfer member may be a rolling member 
that rolls when the two shafts make relative movements 
in the axial direction, and the second torque transfer 
member may be a slide member that slides when the 
two shafts make the relative movements in the axial di- 
rection. Thus, the first torque transfer member is the roll- 
ing member that rolls when the two shafts make relative 
movements in the axial direction, and the second torque 
transfer, member may be a slide member that slides 
when the two shafts make the relative movements in the 
axial direction. Hence, when the torque is transferred, 
the second torque transfer member as the slide member 
makes contact with the axially-extending groove of the 
male shaft and of the female shaft earlier than the ex- 
cessive load (stress) is applied on the elastic body, and 
is capable of mainly transferring the torque, and conse- 
quently the excessive load (stress) is applied on neither 
the first torque transfer member as the rolling member 
nor the elastic body. Therefore, when setting and when 
the torque is transferred, the stress generated at the 
contact portion between the rolling member and the 
elastic body can be relieved, whereby the pre-load per- 
formance can be maintained over the long period .of time 
by preventing the "fatigue" due to the permanent defor- 
mation. 

[0044] In the telescopic shaft for the steering of the 
vehicle according to the third invention, preferably, the 
biasing portion of the elastic body may take a bent shape 
bent between the transfer member sided contact portion 
and the groove surface sided contact portion. Thus, the 
biasing portion of the elastic body may take a bent shape 
bent between the transfer member sided contact portion 
and the groove surface sided contact portion. The bias- 
ing portion in the bent shape can elastically bias the 
transfer member sided contact portion and the groove 
surface sided contact portion so as to get separated 
from each other. 

[0045] In the telescopic shaft for the steering of the 
vehicle according to the third invention, preferably, the 
axially-extending groove of the male shaft orthe female 
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shaft may have a flat side surface making contact with 
the groove surface sided contact portion of the elastic 
body, and a bottom surface contiguous to the flat side 
surface, the elastic body may have a bottom portion fac- 
ing the bottom surface of the axially-extending groove, 
and the bottom portion of the elastic body may be set in 
a contact state with the bottom surface of the axially- 
extending groove, or an interval between the bottom 
surface of the axially-extending groove and the bottom 
portion of the elastic body may be set to a predetermined 
interval. 

[0046] Hence, the bottom portion of the elastic body 
is made contact with the bottom surface of the axially- 
extending groove as the necessity may arise, thereby 
making it possible to control the hysteresis and to obtain 
the hysteresis as desired. 

[0047] Namely, it is required that the hysteresis be 
changed in many ways in matching with the steering 
performance of each vehicle. To be specific, in a case 
where the bottom portion of the elastic body is set in the 
contact-state with the bottom surface of the axially-ex- 
tending groove, a friction occurs when the axially-ex- 
tending groove and the elastic body make relative 
movements, and the hysteresis can be set comparative- 
ly large. On the other hand : an interval between the bot- 
tom surface of the axially-extending groove and the bot- 
tom portion of the elastic body is set to a predetermined 
interval, in which case none of the friction occurs when 
the axially-extending groove and the elastic body make 
the relative movements, and the hysteresis can be set 
comparatively small. 

[0048] In the telescopic shaft for the steering of the 
vehicle according to the third invention, preferably the 
biasing portion of the elastic body may be a separate 
portion from the transfer member sided contact portion 
and from the groove surface sided contact portion, and 
may be formed of a different material. Thus, the biasing 
portion of the elastic body is a separate portion from the 
transfer member sided contact portion and from the 
groove surface sided contact portion, and is formed of 
the different material. Therefore, when the torque is 
transferred, the stress generated at the biasing portion 
can be made comparatively small. 
[0049] In the telescopic shaft for the steering of the 
vehicle according to a fourth invention, preferably, the 
elastic body includes, in addition to the transfer member 
sided contact portion, the groove surface sided contact 
portion and the biasing portion, a second biasing portion 
provided formed of a different material as a separate 
portion. Thus, the elastic body may include, in addition 
to the transfer member sided contact portion , the groove 
surface sided contact portion and the biasing portion, 
the second biasing portion provided formed of the dif- 
ferent material as the separate portion, whereby the 
steering characteristic giving the feeling of desired high 
rigidity can be acquired owing to the two biasing por- 
tions. 

[0050] In the telescopic shaft for the steering of the 
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vehicle according to the fourth invention, preferably, the 
elastic body is constructed of a leaf spring. Thus, the 
elastic body is constructed of the leaf spring, whereby 
the steering characteristic giving the feeling of the de- 
s sired high rigidity can be obtained while restraining the 
manufacturing costs. 

[0051] In the telescopic. shaft for the steering of the 
vehicle according to the fourth invention, preferably, the 
biasing portion provided as the separate portion and 

10 formed of the different material and the second biasing 
portion provided as the separate portion and formed of 
the different material, are made of a rubber or a synthetic 
resin. Thus, the biasing portion provided as the separate 
portion and formed of the different material and the sec- 

15 ond biasing portion provided as the separate portion and 
formed of the different material, are made of the rubber 
or the synthetic resin, whereby the stress generated at 
the biasing portion when the torque is transferred can 
be made comparatively small, and the steering charac- 
teristic giving the feeling of desired high rigidity can be 
acquired. 

[0052] In the telescopic shaft for the steering of the 
vehicle according to the fourth invention, preferably, a 
lubricating agent is applied between the axially-extend- 
ing groove of the male shaft, the axially-extending 
groove of the female shaft, the elastic body and the first 
torque transfer member. Thus, the lubricating agent is 
applied between the axially-extending groove of the 
male shaft, the axially-extending groove of the female 
shaft, the elastic body and the first torque transfer mem- 
ber, whereby when the torque, is not transferred (when 
sliding), the male shaft and the female shaft can slide in 
the axial direction with the stable slide load without any 
backlash. 

[0053] From what has been discussed so far, accord- 
ing to the fourth invention, the stress generated on the 
elastic body is relieved, whereby the pre-load perform- 
ance required over the long period of , time can be main- 
tained by preventing the "fatigue" of the elastic body. 
Further, there is no necessity of setting the dimensional 
accuracy strict, and the reduction in the costs can be 
actualized. Moreover, the steering performance re- 
quired can be easily obtained because of being struc- 
tured so that the friction between the elastic body and 
the axially-extending groove can be controlled. 

Brief Description of the Drawings 

[0054] 

FIG. 1 is a schematic side view of a steering mech- 
anism unit of a car, to which a telescopic shaft for 
steering of a vehicle according to an embodiment 
of the present invention is applied; i 
FIG. 2 is a vertical sectional view of the telescopic 
shaft for the steering of the vehicle with a Cardan 
shaft joint according to a first embodiment of the 
present invention; 
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FIG. 3 is an exploded perspective view of the tele- 
scopic shaft for the steering of the vehicle shown in 
FIG. 2; 

FIG. 4 is a cross-sectional view taken along the line 
Ill-Ill in FIG. 2; s 
FIG. 5 is a graph (a part 1) showing a relationship 
between' a steering torque and a rotational angle; 
FIG. 6 is a graph (a part 2) showing the relationship 
between the steering torque and the rotational an- 
gle; 10 
FIG. 7 is a graph (a part 3) showing the relationship 
between the steering torque and the rotational an- 
gle; 

FIG. 8 is a cross-sectional view similar to FIG. 4, 
showing a first modified example of the first embod- is 
iment of the present invention; 
FIG. 9 is a cross-sectional view similar to FIG. 4. 
showing a second modified example of the first em- 
bodiment of the present invention; 
FIG. 10 is a cross-sectional view similar to FIG. 4, 20 
showing a third modified example of the first em- 
bodiment of the present invention; 
FIG. 11 is a cross-sectional view similar to FIG. 4, 
showing a fourth modified example of the first em- 
bodiment of the present invention; 25 
FIG. 12A is a vertical sectional view of the telescop- 
ic shaft for the steering of the vehicle with a Cardan 
shaft joint according to a second embodiment of the 
present invention; FIG. 12B is a cross-sectional 
view taken along the line b-b in FIG. 12A; 30 
FIG. 13A is a side view including a partial cut-off 
section of a sub-assembly of the telcscop ic sh aft for 
the steering of the vehicle with the Cardan shaft joint 
shown in FIGS. 12A and 12B; FIG. 13B is a side 
view including a partial cut-off section of a female 35 
shaft; FIG. 13C is a front view of the female shaft 
as-viewed from the left side; 
FIG. 14 is a graph showing a relationship between 
the steering torque and the rotational angle in the 
second embodiment. 40 
FIG. 15A is a vertical sectional view of the telescop- 
ic shaft for the steering of the vehicle with the 
Cardan shaft joint according to a modified example 
of the second embodiment of the present invention; 
FIG. 15B is a cross-sectional view taken along the -*s 
line b-b in FIG. 15A; 

FIG. 1 6A is a vertical sectional view of the telescop- 
ic shaft for the steering of the vehicle with the 
Cardan shaft joint according to a third embodiment 
of the present invention; FIG. 16B is a cross-sec- so 
tional view taken along the line b-b in FIG. 16A; 
FIG. 17 is a side view including a partial cut-off sec- 
tion of the female shaft of the telescopic shaft for 
the steering of the vehicle with the Cardan shaft joint 
shown in FIG. 15A; ss 
FIG. 1 8A is a vertical sectional view of the telescop- 
ic shaft for the steering of the vehicle according to 
a fourth embodiment of the present invention; FIG. 
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1 8B is a perspective view of a leaf spring as an elas- 
tic body; 

FIG. 19 is a cross-sectional view taken along the 
lineX-Xin FIG. 18A; 

FIG. 20 is an enlarged partial sectional view of the 
telescopic shaft for the steering of the vehicle in the 
fourth embodiment of the present invention, show- 
ing a state when the torque is not transferred; 
FIG. 21 is an enlarged partial sectional view of the 
telescopic shaft for the steering of the vehicle in the 
fourth embodiment of the present invention, show- 
ing a state when the torque is transferred; 
FIGS. 22A, 22B and 22C are schematic views 
showing flexural states of leaf springs employed in 
the fourth embodiment of the present invention; 
FIG. 23 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a fifth embodiment of the present in- 
vention; 

FIG. 24 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a sixth embodiment of the present in- 
vention; 

FIG. 25 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a seventh embodiment of the present 
invention; 

FIG. 26 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in an eighth embodiment of the present 
invention; 

FIG. 27 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG . 1 8A) of the telescopic shaft for the steering of 
the vehicle in a ninth embodiment of the present in- 
vention; 

FIG. 28 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a tenth embodiment of the present in- 
vention; 

FIG. 29 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in an eleventh embodiment of the 
present invention; 

FIG. 30 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a twelfth embodiment df the present 
invention; 

FIG. 31 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG. 1 8A) of the telescopic shaft for the steering of 
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the vehicle in a thirteenth embodiment of the 
present invention; 

FIG. 32 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG. 1 8A) of the telescopic shaft for the steering of 5 
the vehicle in a fourteenth embodiment of the 
present invention; 

FIG. 33 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG. 1 8A) of the telescopic shaft for the steering of to 
the vehicle in a fifteenth embodiment of the present 
invention; 

FIG. 34 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG. 1 8A) of the telescopic shaft for the steering of ts 
the vehicle in a sixteenth embodiment of the present 
invention; 

FIG. 35 is a cross-sectional view (corresponding to 
the cross-sectional view taken along trie line X-X in 
FIG. 1 8A) of the telescopic shaft for the steering of 20 
the vehicle in a seventeenth embodiment of the 
present invention; 

FIG. 36 is a cross-sectional view (corresponding to 
the cross-sectional view taken along the line X-X in 
FIG. 1 8A) of the telescopic shaft for the steering of 25 
the vehicle in an eighteenth embodiment of the 
present invention; 

FIG. 37 is an enlarged partial sectional view of a 
telescopic shaft for steering of a vehicle in German 
Patent DE3730393C2, showing a state when the 30 
torque is not transferred; 

FIG. 38 is an enlarged partial sectional view of the 
telescopic shaft for the steering of the vehicle in 
German Patent DE3730393C2, showing a state 
when the torque is transferred; and 35 
FIGS. 39A and 39B are schematic views each 
•showing a flexural state of the leaf spring used in 
German Patent DE3730393C2. 

Embodiments of the Invention 40 



[0055] A telescopic shaft for steering of a vehicle ac- 
cording an embodiment of the present invention will 
hereinafter be described with reference to the accom- 
panying drawings. 45 

(Whole Construction of Steering Shaft for Vehicle) 

[0056] FIG. 1 is a side view of a steering mechanism 
unit of a car, to which the telescopic shaft forthe steering so 
of the vehicle according to the embodiment of the 
present invention is applied. 

[0057] Referring to FIG. 1, the steering mechanism 
unit is constructed of: an upper steering shaft member 
120 (including a steering column 103 and a steering 55 
shaft 104a rotatably held in the steering column 103) 
secured to a car-body-sided member 100 through an 
upper bracket 101 and a lower bracket 102; a steering 
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wheel 1 05 fitted to an upper end of the steering shaft 
104; a lower steering shaft member 107 connected 
through a universal joint 106 to a lower end of the steer- 
ing shaft 104; a pinion shaft 109 connected through a 
steering shaft joint 108 to the lower steering shaft mem- 
ber 107; a steering rack shaft 112 connected to the pin- 
ion shaft 109; and a steering rack support member 113 
supporting the steering rack shaft 112 and fixed to a dif- 
ferent frame 1 1 0 of the car body through an elastic body 
111. 

[0058] Herein, the upper steering shaft member 120 
andthe lower steering shaft member 1 07 involve the use 
of the telescopic shaft for the steering of the vehicle 
(which will hereinafter be simply termed "the telescopic 
shaft") according to the embodiment of the present in- 
vention. The lower steering shaft member 1 07 is assem- 
bled by fitting a male shaft and a female shaft to each 
other. This type of lower steering shaft member 1 07 is, 
however, required to have performance of absorbing 
displacement in the axial direction that occurs when the 
car travels, and of preventing the displacement and vi- 
brations from being transferred onto the steering wheel 
105. This performance is required for such a configura- 
tion that the car body takes a sub-frame structure, 
wherein the member 1 00 for fixing an upper part of the 
steering mechanism is separated from the frame 110 to 
which the steering rack support member 113 is fixed, 
and the steering rack support member 113 is fixed by 
fastening to the frame 110 through the elastic body 111 
such as a rubber, etc.. Further, another case is that a 
worker, when fastening the steering shaft joint 1 08 to 
the pinion shaft 1 09, temporarily contracts the telescop- 
ic shaft and thereafter secures trie joint 1 08 to the pinion 
shaft 109 by fastening : and hence there is an instance 
of requiring an telescopic function. Moreover, the upper 
steering shaft member 120 provided at the upper part 
of the steering mechanism is, though configured like- 
wise by fining the male shaft and the female shaft to- 
gether, is required to include a function of adjusting, on 
such an occasion that a driver shifts a position of the 
steering wheel 105 in the axial direction in order to gain 
an optimum position for driving the car, this position and 
is therefore demanded to have.the telescopic function 
in the axial direction. It is required in all the cases de- 
scribed above to reduce backlash noises at fitting por- 
tion in the telescopic shaft, to relieve a uncomfortable 
feeling to the backlash on the steering, wheel 105 and 
to decrease a slide resistance when slid in the axial di- 
rection. 

(First Embodiment) 

[0059] FIG. 2 is a vertical sectional view of the tele- 
scopic shaft forthe steering of the vehicle^ with a Cardan 
shaft joint according to a first embodiment of the present 
invention. FIG. 3 is an exploded perspective view of the 
telescopic shaft for the steering of the vehicle shown in 
FIG. 2. FIG. 4 is a cross-sectional view taken along the 
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line Ill-Ill in FIG. 2. FIG. 5 is a graph (a part 1) showing 
a relationship between a steering torque and a rotational 
angle. FIG. 6 is a graph (a part 2) showing the relation- 
ship between the steering torque and the rotational an- 
gle. FIG. 7 is a graph (a part 3) showing the relationship 
between the steering torque and the rotational angle. 
[0060] As illustrated in FIG. 2, the telescopic shaft for 
the steering of the vehicle (which will hereinafter be 
termed an "telescopic shaft") is constructed of a male 
shaft 1 and a female shaft 2 that are fitted so as not to 
be rotatable but to be slidable on each other. 
[0061] The male shaft 1 is connected to a yoke 21 of 
a Cardan shaft joint 20 on the side of the steering wheel. 
The female shaft 2 is connected to a yoke 23 of a Cardan 
shaft joint 22 on the side of a steering gear. 
[0062] As shown in FIG. 3, three pairs of grooves 3, 
4 each taking substantially a circular-arc shape and ex- 
tending in the axial direction, are formed in an outer pe- 
ripheral surface of the male shaft 1 in a way that dispos- 
es these grooves equally at an interval of 120 degrees 
in a peripheral direction thereof. Correspondingly in an 
inner peripheral surface of the female shaft 2, three pairs 
of grooves 5, 6 each taking substantially the circular-arc 
shape and extending in the axial direction, are formed 
in a way that disposes these grooves equally at the in- 
terval of 120 degrees in the peripheral direction thereof. 
[0063] A plurality of balls 7 (spherical rolling mem- 
bers) are disposed set reliable in each pair of the axially- 
extending groove 3, taking substantially the circular-arc 
shape, of the male shaft 1 and the axially-extending 
groove 5, taking substantially the circular-arc shape, of 
the'female shaft 2 through a corrugated leaf spring 9 for 
pre-load. Note that stopper portions 3a for stopping the 
leaf spring 9 are formed on'both sides of each axially- 
extending groove 3 of the male shaft 1 . 
[0064] A needle roller 8 (a slide member) is slidably 
disposed between the axially-extending groove 4, tak- 
ing substantially the circular-arc shape, of the male shaft 

1 and the corresponding line of axially-extending groove 
6, taking substantially the circular-arc shape, of the fe- 
male shaft 2. 

[0065] Each leaf spring 9 works to give pre-load to the 
balls 7 and the needle roller 8 against the female shaft 

2 to an extent large enough not to cause a backlash 
when the torque is not transferred, and also works to 
restrain the balls 7 between the female shaft 2 and the 
spring plate 9 itself in the peripheral direction as the leaf 
spring 9 elastically deforms when the torque is trans- 
ferred. 

[0066] A periphery-directional groove 10 is formed in 
a side end portion of the male shaft 1 . With this contriv- 
ance, a stopper plate 11 is fitted in the periphery-direc- 
tional groove 10, and the needle roller 8 is fixed in the 
axial direction in such a form as to be sandwiched in 
between the side end of the stoppers plate and internal 
side end surfaces of the axially-extending grooves 3 and 
4. The internal side end surfaces of the axially-extending 
grooves 3, 4 may be inclined or substantially right-an- 



gled to the axis 

[0067] Further, as illustrated in FIG. 4, each of the leaf 
springs 9 is latched, at its concave portions 9c formed 
at both of its side end portions, by the stopped portions 
5 3a provided on both sides of the axially-extending 
groove 3, thereby making the whole leaf spring 9 unable 
to move in the peripheral direction when the torque is 
transferred. 

[0068] In the thus structured telescopic shaft, when 
io torque is transferred, the balls 7 and the needle rollers 

8 are used respectively for "rolling" and "sliding", and 
each leaf sp/ing 9 gives the pre-load to the balls 7 
against the female shaft 2 to the extent large enough 
not to cause the backlash. It is therefore possible to 

is surely prevent the backlash between the male shaft 1 
and the female shaft 2, whereby the male shaft 1 and 
the female shaft 2 can be slid in the axial direction with 
a stable slide load but with no backlash. 
[0069] When the torque is transferred, as. shown in 

20 ■■■ FIG. 4, the needle rollers 8 interposed between the male 
shaft 1 and the female shaft 2 perform a main function 
of transferring the torque. For instance, when the torque 
is inputted from the male shaft 1 , as the pre-load is ap- 
plied from the leaf springs 9 at an initial stage, there is 

2S no backlash, and the leaf springs 9 generates reactive 
forces to the torque, thus transferring the torque. At this 
time, the torque is transferred on the whole in a state of 
equilibrium between a torque transfer load among the 
male shaft 1, the leaf springs 9, the balls 7 and the fe- 

30 male shaft 2, and a torque transfer load among the male 
shaft 1 , the needle rollers 8 and the female shaft 2. 
[0070] As the torque further increases, as shown in 
FIG. 4, a gap in a rotating direction between the male 
shaft, the needle rollers 8 and the female shaft 2 has 

35 been set smaller than a gap between the male shaft 1 , 
the leaf springs 9, the balls 7 and the female shaft 2, 
and hence the needle rollers 9 receive the reactive force 
stronger than the balls 7 receive, and mainly transferthe 
torque to the female shaft 2. It is therefore feasible to 

40 surely prevent the backlash in the rotating direction be- 
tween the male shaft. 1 and the female shaft 2 and also 
to transfer the torque in a high rigidity state. 
[0071] Moreover, when the steering torque is equal to 
or smaller than a predetermined level, each of the pre- 

"5 load leaf springs 9 performs the pre-load operation to 
exhibit a low-rigidity characteristic, while the needle roll- 
ers 8, when the steering torque is equal to or larger than 
the predetermined level, respectively engage with the 
pair of axially-extending grooves 4, 6 in the peripheral 

so direction to exhibit a high-rigidity characteristic. 

[0072] Namely, when the steering torque is equal to 
or smaller than the predetermined level, the leaf springs 

9 buffer and reduce the uncomfortable noises and vibra- 
tions transferred from an engine room byUhe pre-load 

55 action. While on the other hand, when the steering 
torque rises to become equal to or larger than the pre- 
determined level, the needle rollers 8 respectively en- 
gage with the pair of axially-extending grooves 4, 6, 
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whereby the steering torque can be transferred. There- 
fore, a feeling of sharp steering can be acquired. 
[0073] Accordingly, the torque transfer/slide mecha- 
nism serves also as a buffer mechanism, and hence it 
is possible to provide the telescopic shaft exhibiting the 
torsional rigidity characteristics at two stages in a way 
that effectively makes the use of the space and reduces 
both of the number of parts and manufacturing costs. 
[0074] FIG . 5 is the graph (the part 1 ) showi ng the re- 
lationship between the steering torque and the rotational 
angle. In this case, since a spring constant of the leaf 
spring 9 is high, the rigidity in a pre-load rigidity (low ri- 
gidity) region is high, and a torsional rigidity that is not 
so different from a high rigidity region is shown. The 
characteristic herein is, though much of the buffer func- 
tion is not acquired, suited to a case where the high ri- 
gidity is required also in a low torque region. ; 
[0075] FIG. 6 is the graph (the part 2) showing the re- 
lationship between the steering torque and the rotational 
angle. This case represents a state where the spring 
constant of the leaf spring 9 is set slightly lower than the 
state in FIG. 5(the part 1 ), and the characteristic herein 
is required for a case of scheming to establishing com- 
patibility between the buffer characteristic and the tor- 
sional rigidity. . 
[0076] FIG. 7 is the graph (the part 3) showing the re- 
lationship between the steering torque and the rotational 
angle. This case represents a state where the spring 
constant of the leaf spring 9 is set slightly lower than the 
State in FIG. 6 (the part 2), and the characteristic herein 
is in such a case that a further buffer characteristic is 
demanded. 

[0077] FIGS. 8 through 1 1 are cross-sectional views 
similar to FIG. 4, respectively showing first through 
fourth modified examples of the first embodiment of the 
present invention. The first through fourth modified ex- 
amples are different from the first embodiment illustrat- 
ed in FIGS. 2 through 4 in terms of a structure and a 
configuration of an elastic member including the leaf 
spring, and in terms of a sectional shape -of the male 
shaft attached with the elastic member. 
[0078] FIG. 8 shows the first modified example of the 
first embodiment, wherein an elastic body correspond- 
ing to the leaf spring 9 in F IGS. 2 through 4 is structured 
as a composite body consisting of a leaf spring member 
40 and an elastic member 41 formed of a rubber (or a 
synthetic resin, etc. which is a different material from the 
leaf spring member 40. The rubber elastic member 41 
is fixed by bonding to the leaf spring member 40, thus 
attaining an integral structure. The leaf spring member 
40 has an addition of the rubber elastic member 41 and 
therefore improves its buffer performance. 
[0079] Crooked or bent portions 40c, 40a of the leaf 
spring member 40 are pushed by balls 7 and thereby 
exhibit a spring property. 

[0080] Further, the rubber elastic member 41 is inter- 
posed between the crooked portions 40a and 40 of the 
leaf spring member 40, whereby composite action with 



the leaf spring member enhances the buffer perform- 
ance. 

[0081] FIG. 9 shows the second modified example of 
the first embodiment, wherein the elastic body corre- 

5 spondingto the leaf spring 9 jn FIGS. 2 through 4 takes 
a structure in which the rubber elastic member is re- 
moved from the elastic body shown in FIG. 8. The elastic 
body, even in the case of being thus formed of a single 
material without the rubber elastic member 41, has a 

io function as the elastic body. 

[0082] Leaf spring members 40a apply the pre-load 
to the ball 7 on one hand and serve as race surfaces for 
the ball 7 on the other hand. 

[0083] FIG. 10 shows the third modified example of 

J5 the first embodiment, wherein the elastic body corre- 
sponding to the leaf spring 9 in FIG. 2 through 4 is a 
composite body consisting of a |eaf spring member 42, 
rubber elastic members 43 and race surface members 
42a. for the ball 7. The rubber elastic members 43 are 

so fixed by bonding to the race surface members 42a, thus 
attaining an integral structure. The leaf spring member 
42 has an addition of the rubber elastic members 43 and 
can therefore improve its buffer performance. Bent por- 
tions 42b of the leaf spring member 42 are pushed by 

25 the balls 7 through the rubber elastic members 43 and 
the race surface members 42a, and hence composite 
action thereof enhances the buffer function. The race 
surface member 42 is flat in shape. 
[0084] FIG. 11 shows the fourth modified example of 

30 the first embodiment, wherein an elastic body 44 corre- 
sponding to the leaf spring 9 in FIGS. 2 through 4 takes 
a shape similar to that in the third modified example, 
however, a race surface member 44a in the fourth em- 
bodiment is structured to have a radius that is larger by 

35 5% - 50% than a radius of the ball 7 and have a larger 
area in its contact portion than in the second modified 
example. 

[0085] With this contrivance, a local surface pressure 
of the contact portion can be restrained from rising. 
40 [0086] The buffer performance is the same as in the 
second modified example. 

(Second Embodiment) 

45 [0087] FIG. 12A is a vertical sectional view of the tel- 
escopic shaft for the steering of the vehicle with a 
Cardan shaft joint according to a second embodiment 
of the present invention. FIG. 12B is a cross-sectional 
view taken along the line b-b in FIG. 12A. 

so [0088] FIG. 13A is a side view including a partial cut- 
off section of a sub-assembly of the telescopic shaft for 
the steering of the vehicle with the Cardan shaft joint 
shown in FIGS. 12A and 12B. FIG. 13B"is a side view 
including a partial cut-off section of a female shaft. FIG. 

55 13C is a front view of the female shaft as viewed from 
the left side. 

[0089] FIG. 14 is a graph showing a relationship be- 
tween the steering torque and the rotational angle in the 
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second embodiment. 

[0090] In the second embodiment, a buffer member 

30 structured by charging a space between an inner ring 

31 and an outer ring 32 with a rubber 33, is provided 
between an end portion of a female shaft 2 and a yoke s 
23 of a Cardan shaft joint 22. When the steering torque 

is equal to or smaller than a predetermined level, the 
buffer member 30 can buffer and thus reduce the un- 
comfortable noises and vibrations transferred from the 
engine room. Note that the buffer member 30 may also io 
be of a rubber coupling type. 

[0091] Moreover, as shown in FIGS. 12Band 13C,the 
yoke 23 is formed with cuts 34 (engaged portions), and 
cam flanges 35 (engaging members) capable of engag- 
ing with and disengaging from the cuts 34 are provided »5 
at the end portion of the female shaft 2. Incidentally, the 
numeral 38 represents a cap for preventing dusts from 
entering. 

[0092] Owing to this configuration, the cam flanges 35 
do notengagewiththecuts34whenthesteeringtorque 20 
is equal to or smaller than the predetermined level, but 
engage with the cuts 34 when the steering torque in- 
creases to become equal to or larger than the predeter- 
mined level, whereby it is possible to transfer the steer- 
ing torque and therefore possible to acquire the feeling 25 
of sharp steering. 

[0093] Thus, according to the second embodiment, 
when the steering torque is equal to or smaller than the 
predetermined level, the cam flanges 35 do not engage 
with the cuts 34, and the buffer member 30 exhibits the 30 
low rigidity characteristic as it performs the buffer action. 
When the steering torque is within a predetermined in- 
termediate range, the leaf spring 9 for the pre-load ex- 
hibits an intermediate rigidity characteristic as it per- 
forms the pre-load action. On the other hand, when the 35 
steering torque is equal to or larger than the predeter- 
mined level, the cam flanges 35 engage with the cuts 
34, and the needle rollers 8 engage with the pair of ax- 
ially-extending grooves 4, 6 in the peripheral direction 
and exhibit the high rigidity characteristic. 40 
[0094] Namely, when the steering torque is equal to 
or smaller than the predetermined level, the cam flanges 
35 do not engage with the cuts 34, and the buffer mem- 
ber 30 can buffer and thus reduce the uncomfortable 
noises and vibrations transferred from the engine room. *s 
When the steering torque is within the predetermined 
intermediate range, the leaf spring 9 for the pre-load 
raises the torsional rigidity stepwise as it performs the 
pre-load action. On the other hand, when the steering 
torque rises to become equal to or larger than the pre- so 
determined level, the cam flanges 35 engage with the 
cuts 34, and the needle rollers 8 engage with the pair of 
axially-extending grooves 4, 6 in the peripheral direc- 
tion, thus transferring the steering torque. The feeling of 
sharp steering can be therefore acquired. 55 
[0095] Accordingly, if the telescopic shaft serves also 
as the torque transfer/slide/buffer mechanism, the buff- 
er mechanism is provided separately on the yoke-side, 



the telescopic shaft having the three-staged torsional ri- 
gidity characteristics can be provided. 
[0096] FIG. 14 is a graph showing a relationship be- 
tween the steering torque and the rotational angle in the 
second embodiment. The buffer function is exhibited in 
a rigidity region of the rubber 33 of the buffer member 
30, the torsional rigidity is increased stepwise by the leaf 
spring 9 in a highertorque region (an intermediate rigid- 
ity region), and the torque can be transferred with a high 
rigidity in a much higher torque region (a high rigidity 
region). 

[0097] Thus, the three-staged torsional rigidity char- 
acteristics more excellent than the two-staged torsional 
rigidity characteristics, can be acquired. Hence, the tor- 
sional rigidity characteristics can be combined without 
any restrictions in accordance with characteristics de- 
manded of the vehicle, a space and costs thereof, and 
both of the improvement of the feeling of the steering 
and the buffer function can be set as desired. 
[0098] FIG. 1 5A is a vertical sectional view of the tel- 
escopic shaft for the steering of the vehicle with the 
Cardan shaft joint according to a modified example of 
the second embodiment of the present invention. FIG. 
15Bis across-sectional view taken along the line b-b in 
FIG. 15A. 

[0099] In this modified example, a buffer member 46 
is disposed outwardly of the yoke. The buffer member 
46 is constructed of an inner ring 47, an outer ring 49 
and a rubber 48 with which a space between these inner 
and outer rings is charged. An inner peripheral surface 
of the inner ring 47 is fixedly fitted on an outer peripheral 
surface of theyoke. The outer ring49 takes substantially 
a U-shape in section, and an inner periphery of an in- 
side-diametrical portion thereof is fixedly fitted on the 
female shaft 2. 

[0100] According to the present modified example, a 
size of the rubber serving as the elastic member can be 
increased, and it is therefore possible to absorb the un- 
comfortable noises and vibrations transferred from the 
engine in a much broader frequency band. 

(Third Embodiment) 

[0101] FIG. 1 6A is a vertical sectional view of the tel- 
escopic shaft for the steering of the vehicle with the 
Cardan shaft joint according to a third embodiment of 
the present invention. FIG. 16B is a cross-sectional view 
taken along the line b-b in FIG. 16A. 
[0102] FIG. 1 7 is a side view including a.partial cut-off 
section of Ihe female shaft of the telescopic shaft for the 
steering of the vehicle with the Cardan shaft joint shown 
in FIGS. 1 6A and 1 6B. 

[0103] In the third embodiment also, the buffer mem- 
ber 30 structured by charging the space between the 
inner ring 31 and the outer ring 32 with the rubber 33, is 
provided between the end portion of the female shaft 2 
and the yoke 23 of the Cardan shaft joint 22. When the 
steering torque is equal to or smaller than the predeter- 
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mined level, the buffer member 30 can buffer and thus 
reduce the uncomfortable noises and vibrations trans- 
ferred from the engine room. 

[0104] Moreover, as shown in FIGS. 16A and 17, the 
yoke 23 is formed with an engaged hole 36 (an engaged 5 
portion), and a stopper pin (an engaging member) ca- 
pable of engaging with and disengaging from the en- 
gaged hole 36 is provided at the end portion of the fe- 
male shaft 2. Incidentally, the numeral 38 designates the 
cap for preventing dusts from entering. »o 
[0105] With this configuration, the stopper pin 37 does 
not engage with the engaged hole 36 when the steering 
torque is equal to or smaller than the predetermined lev- 
el, but engages with the engaged portion 36 when the 
steering torque rises to become equal to or larger than is 
the predetermined level, whereby it is possible to trans- 
fer the steering torque and therefore possible to acquire 
the feeling of sharp steering. 

[0106] Thus, according to the third embodiment, 
when the steering torque is equal to or smaller than the 20 
predetermined level, the stopper pin 37 does not en- 
gage with the engaged hole 36, and the buffer member 
30 can buffer and thus reduce the uncomfortable noises 
and vibrations transferred from the engine room. When 
the steering torque is within the predetermined interme- 25 
diate range, the leaf springs 9 for the pre-load raise the 
torsional rigidity stepwise by the pre-load action. On the 
other hand, when the steering torque is equal to or larger 
than the predetermined level, the stopper pin 37 engag- 
es with the engaged hole 36, and the needle rollers 8 30 
engage with the pair of axially-extending grooves 4, 6 
in the peripheral direction, whereby the feeling of sharp 
steering can be acquired. 

[0107] Accordingly, if the telescopic shaft serves as 
the torque transfer/slide/buffer mechanism, the buffer 35 
mechanism is provided separately also on the yoke- 
side, the telescopic shaft having the three-staged tor- 
sional rigidity characteristics can be provided. 
[0108] For example, in the third embodiment, the 
male shaft is connected to the yoke of the Cardan shaft *o 
joint on the side of the steering wheel, and the female 
shaft is connected to the yoke of the Cardan shaft joint 
on the side of the steering gear. Conversely, the female 
shaft may be connected to the yoke of the Cardan shaft 
joint on the side of the steering wheel, and the male shaft 45 
may be connected to the yoke of the Cardan shaft joint 
on the side of the steering gear. 

[0109] As discussed above, according to the embod- 
iment described above, when the torque is not trans- 
ferred, two types of rolling members and slide members so 
are employed, and the elastic body gives the pre-load 
to the rolling members against the female shaft to the 
extent large enough not to cause the backlash, whereby 
the male shaft and the female shaft can slide in the axial 
direction with the stable slide load in a way that surely 55 
prevents the backlash between the male shaft and the 
female shaft. 

[0110] When the torque is transferred, the slide mem- 
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bers engage with the pair of axially-extending grooves 
in the peripheral direction and thus can be restricted, 
and further the rolling members can be restricted in the 
peripheral direction by the elastic body. The torque can 
be therefore transferred in the high-rigidity state by cer- 
tainly preventing the backlash in the rotating direction 
between the male shaft and the female shaft. 
[0111] Further, when the steering toque is equal to or 
smaller than the predetermined level, the elastic body 
for the pre-load exhibits the low-rigidity characteristic as 
the elastic body performs the pre-load action. While on 
the other hand, when the steering torque is equal to or 
larger than the predetermined level, the slide members 
engage with the pair of axially-extending grooves in the 
peripheral direction and exhibit the high-rigidity charac- 
teristic. 

[0112] Namely, when the steering torque is equal to 
or smaller than the predetermined level, the elastic body 
buffers and reduces the uncomfortable noises and vi- 
brations transferred from the engine room by the pre- 
load action. While on the other hand, when the steering 
torque rises to become equal to or larger than the pre- 
determined level, the slide members engage with the 
pair of axially-extending grooves, whereby the steering 
torque can be transferred. Therefore, the feeling of 
sharp steering can be acquired. 

[0113] Accordingly, the torque transfer/slide mecha- 
nism serves also as the buffer mechanism, and hence 
it is possible to provide the telescopic shaft exhibiting 
the two-staged torsional rigidity characteristics in a way 
that effectively makes the use of the space and reduces 
both of the number of parts and manufacturing costs. 
[0114] Moreover, according to the embodiment dis- 
cussed above, when the steering torque is equal to or 
smaller than the predetermined level, the engaging 
member does not engage with the engaged portion, and 
the buffer member exhibits the low rigidity characteristic 
as it performs the buffer action. When the steering 
torque is within the predetermined intermediate range, 
the elastic body for the pre-load exhibits the intermedi- 
ate rigidity characteristic as it performs the pre-load ac- 
tion. On the other hand, when the steering torque is 
equal to or larger than the predetermined level, the en- 
gaging member engages with the engaged portion, and 
the slide members engage with the pair of axially-ex- 
tending grooves in the peripheral direction and exhibit 
the high rigidity characteristic. . 
[01 1 5] Namely, when the steering torque is equal to 
or smaller than the predetermined levej, the engaging 
member does not engage with the engaged portion, and 
the buffer member can buffer and thus reduce the un- 
comfortable noises and vibrations transferred from the 
engine room. When the, steering torque is within the pre- 
determined intermediate range, the elastic body for the 
pre-load raises the torsional rigidity stepwise as it per- 
forms the pre-load action. On the other hand, when the 
steering torque rises to become equal to or larger than 
the predetermined level, the engaging member engag- 
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es with the engaged portion, and the slide members en- 
gage with the pair of axially-extending grooves in the 
peripheral direction, thus transferring the steering 
torque. The feeling of sharp steering can be therefore 
acquired. 

(Fourth Embodiment) 

[0116] FIG. 18A is a vertical sectional view of the tel- 
escopic shaft for the steering of the vehicle according to 
a fourth embodiment of the present invention. FIG. 18B 
is a perspective view of a leaf spring as an elastic body. 
FIG. 19 is a cross-sectional view taken along the line 
X-X in FIG. 18A. 

[01 17] As illustrated in FIG. 1 8A, the telescopic shaft 
for the steering of the vehicle (which will hereinafter be 
termed the "telescopic shaft") is constructed of the male 
shaft 1 and the female shaft 2 that are fitted so as not 
to be rotatable but to be slidable on each other. 
[0118] As shown in FIG; 19, three lines of grooves 3 
extending in the axial direction, are formed in an outer 
peripheral surface of the male shaft 1 in a way that dis- 
poses these grooves equally at an interval (phase) of 
120 degrees in a peripheral direction thereof. Corre- 
spondingly in an inner peripheral surface of the female 
shaft 2, three lines of grooves 5 extending in the axial 
direction, are formed in a way that disposes these 
grooves equally at the interval (phase) of 120 degrees 
in the peripheral direction thereof. 
[01 19] A plurality of rigid spherical members 7 (rolling 
members, balls) rolling when the two shafts 1,2 make 
relative movements in the axial direction, are so inter- 
posed as to be reliable between the axially-extending 
groove 3 of the male shaft 1 and the axially-extending 
groove 5 of the female shaft 2. Note that the axially-ex- 
tending grooves 5 of the female shaft 2 each takes sub- 
stantially a circular-arc shape or a Gothic-arch shape in 
section. 

[0120] The axially-extending groove 3 of the male 
shaft 1 is configured of a pair of slant flat side surfaces 
3a and a bottom surface 3b formed flat between the pair 
of flat side surfaces 3a. 

[0121] The leaf spring 9 making contact with the 
spherical member 7 and thus giving pre-load thereto, is 
interposed between the axially-extending groove of the 
male shaft 1 and the spherical member 7. 
[01 22] The leaf spring 9 includes a spherical member 
sided contact portion 9a making contact at two points 
with the spherical member 7, a groove surface sided 
contact portion 9b spaced at a predetermined interval 
substantially in the peripheral direction away from the 
spherical member sided contact portion 9a and being in 
contact with the flat side surface 3a of the axially-ex- 
tending groove 3 of the male shaft 1 , a biasing portion 
9c elastically biasing the spherical member sided con- 
tact portion 9a and the groove surface sided contact por- 
tion 9b in such a direction as to get separated from each 
other, and a bottom portion 9d facing to the bottom sur- 



face 3b of the axially-extending groove 3. 
[0123] The biasing portion 9c is crooked a bent sub- 
stantially in a U-shape and substantially in a circular-arc 
shape. The crooked biasing portion 9c is capable of 
5 elastically biasing the spherical member sided contact 
portion 9a and the groove surface sided contact portion 
9b so as to get separated from each other. 
[0124] As shown in FIG. 1 9, three lines of grooves 4 
extending in the axial direction, are formed in the outer 

10 peripheral surface of the male shaft 1 in a way that dis- 
poses these grooves equally at the interval (phase) of 
120 degrees.in the peripheral direction thereof. Corre- 
spondingly in the inner peripheral surface of the female 
shaft 2, three lines of grooves 6 extending in the axial 

is direction, are formed in a way that disposes these 
grooves equally at the interval (phase) of 120 degrees 
in the peripheral direction thereof. 
[0125] A plurality of rigid cylindrical members 8 (slide 
members, needle rollers) sliding when the two shafts 1 , 

20 2 make the relative movements in the axial direction, 
are interposed with a minute gap between the axially- 
extending groove 4 of the male shaft 1 and the axially- 
extending groove 6 of the female shaft 2. Note that the 
axially-extending grooves 4, 6 are formed substantially 

25 jn the circular-arc shape or the Gothic-arch shape in 
section. 

[0126] Further, as illustrated in FIG. 1BA, a stopper 
plate 1 0 with an elastic body is provided at the end por- 
tion of the male shaft 1 , and serves to prevent the spher- 
30 ical members 7, the cylindrical members 8 and the leaf 
springs 9 from coming off. 

[0127] Moreover, a lubricating agent is applied to be- 
tween the axially-extending groove 3 of the male shaft 
1, the axially-extending groove 5 of the female shaft 2, 
35 the leaf spring 9 and the spherical member 7, thereby 
enabling the male shaft and the female shaft to slide in 
the axial direction with the stable slide load without any 
backlash when the torque is not transferred (during the 
slide). 

40 [0128] In the thus constructed telescopic shaft, the 
spherical members 7 are interposed between the male 
shaft 1 and the female shaft 2, and the leaf springs 9 
give the pre-load to the spherical members 7 against the 
female shaft 2 to the extent large enough not to cause 

45 the backlash. When the torque is not transferred, it is 
therefore possible to surely prevent the backlash be- 
tween the male shaft 1 and the female shaft 2, and the 
male shaft 1 and the female shaft 2, when making the 
relative movements in the axial direction,,can slide with 

so the stable slide load without any backlash. 

[0129] When torque is transferred, the leaf springs 9 
elastically deform to restrict the spherical-members 7 in 
the peripheral direction, and the three lines of cylindrical 
members 8 interposed between the male shaft 1 and 

55 the female shaft 2 perform the main function of transfer- 
ring the torque. 

[0130] For example, when the torque is inputted from 
the male shaft 1 , as the pre-load is applied from the leaf 
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springs 9 at the initial stage, there is no backlash, and 
the leaf springs 9 generate reactive force to the torque, 
thus transferring the torque. At thistime, the torque is 
transferred on the whole in a state of equilibrium be- 
tween an input torque and a transfer torque among the 
male shaft 1 , the leaf springs 9, the spherical members 

7 and the female shaft 2. 

[0131] As the torque further increases, there disap- 
pears a gap in the rotating direction between the male 
shaft 1 and the female shaft 2 through the cylindrical 
member 8, and an increment of the torque hereafter is 
transferred by the cylindrical members 8 through the 
male shaft 1 and the female shaft 2. Hence, it is possible 
to surely prevent the backlash in the rotating direction 
between the male shaft 1 and the female shaft 2 and 
also to transfer the torque in the high-rigidity state. 
[0132] From what has been discussed so far, accord- 
ing to the fourth embodiment, the cylindrical members 

8 in addition to the spherical members 7 are provided, 
and hence a large proportion of the load quantity can be 
sustained by the cylindrical members 8 when the large 
torque is inputted. Accordingly, the durability can be im- 
proved by restraining a rise in contact pressure between 
the axialfy-extending groove 5 of the female shaft 2 and 
the spherical members 7, and the torque can be trans- 
ferred in the high-rigidity state when the large torque 
load is applied. 

[0133] Furthermore, the cylindrical members 8 are in 
contact with the male shaft 1 and the female shaft 2, so 
that the torsional torque to the spherical members 7 is 
reduced, and a lateral slip of the leaf spring 9 is re- 
trained, with the result that hysteresis can be restrained 
from becoming excessive. 

[0134] Thus, according to the fourth embodiment, the 
stable slide load is actualized, the backlash in the rotat- 
ing direction is certainly prevented, whereby the torque 
can be transferred in the high-rigidity state. 
[0135] Note that the spherical member 7, it is prefer- 
able, be a rigid ball. Further, it is preferable that the rigid 
cylindrical member 8 be a needle roller. 
[0136] The cylindrical member (which will hereinafter 
be referred to as the needle roller) 8 receives the load 
in the line-to-line contact and therefore exhibits a variety 
of effects such as being capable of restraining the con- 
tact pressure lower than by the ball receiving the load 
in the point-to-point contact, and so on. Accordingly, the 
needle roller 8 is more excellent in terms of the following 
items than in the case of adopting the all-line ball rolling 
structure. 

An attenuation effect at the slide portion is larger 
than by the ball rolling structure. Hence, the vibra- 
tion absorbing performance is high. 
The needle rollers make contact at their extremely 
small areas with the male shaft and the female 
shaft, so that a slide load fluctuation width can be 
restrained low. The vibrations caused by the fluctu- 
ation thereof are not transferred up to the steering. 



If the same torque is transferred, the needle roller 
can restrain the contact pressure low, and hence it 
is feasible to decrease the length in the axial direc- 
tion and to utilize the space effectively. 

5 ■ If the same torque is transferred, the needle roller 
can restrain the contact pressure low, and conse- 
quently there is no necessity for an additional proc- 
ess for hardening the surface of the axially-extend- 
ing groove of the female shaft by a thermal treat- 

10 ment, etc.. 

The number of parts can be decreased. 
Assembly characteristics can be improved. 
A cost for the assembly can be restrained. 

is [0137] Thus, the needle roller performs the key func- 
tion of transferring the torque between the male shaft 1 
and the female shaft 2, and slidably contacts with the 
inner peripheral surface of the female shaft 2. The use 
of the needle roller has the following superior points to 

20 the conventional spline fitting. 

The needle rollers are mass-produced and are 

therefore extremely low in their costs. 

The needle roller, which is polished afterthc thermal 

25 treatment, is therefore high of its surface hardness 
and excellent of its abrasion resistance. 
The needle roller is polished to gain fine surface 
roughness thereof with the result that a frictional co- 
efficient is low when slid, and is therefore capable 

30 of restraining the slide load low. 

Lengths and layout of the needle rollers can be 
changed according to the conditions for use, and 
hence the needle rollers can correspond to a variety 
of applications without changing the concept of de- 

35 sign. 

There might be a case where the frictional coeffi- 
cient at the sliding time must be further decreased 
depending on the conditions for use, at which time 
the slide characteristic thereof can be altered simply 

40 by effecting a surface treatment on only the needle 
roller. The needle roller can therefore correspond to 
the variety of applications without changing the con- 
cept of design. 

As the needle rollers with their outside diameters 
45 differentiated on the order of every several microns 
can be manufactured, gaps between the male shaft, 
the.needle roller and the female shaft can be mini- 
mized. Hence, an improvement in the rigidity of the 
shaft in the torsional direction can be facilitated. 

[0138] Next, an examination will be made by compar- 
ing German Patent DE3730393C2 with the present 
fourth embodiment. 

[01 39] FIG. 20 is an enlarged partial sectional view of 
55 the telescopic shaft for the steering of the vehicle in the 
fourth embodiment of the present invention, showing a 
state when the torque is not transferred. 
[01 40] FIG. 21 is an enlarged partial sectional view of 
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the telescopic shaft for the steering of the vehicle in the 
fourth embodiment of the present invention, showing a 
state when the torque is transferred: 
[0141] - FIG. 37 is an enlarged partial sectional view of 
a telescopic shaft for steering of a vehicle in German 5 
Patent DE3730393C2, showing a state when the torque 
is not transferred. 

[01 42] FIG. 38 is an enlarged partial sectional view of 
the telescopic shaft for the steering of the vehicle in Ger- 
man Patent DE3730393C2, showing a state when the »o 
torque is transferred. 

[0143] In German Patent DE3730393C2 shown in 
FIG. 37, when the torque is not transferred (including a 
state where the torque is well balanced on the left and 
right sides), for generating the pre-load between the *s 
male shaft, the ball and the female shaft, the leaf spring 
is interposed in a way that changes its curvature and a 
curvature of the axially-extending groove. In this state, 
however, a contact-point-to-contact-point distance (L1) 
between a contact point between the male shaft and the 20 
leaf spring and a contact point between the ball and the 
leaf spring, is extremely small. Besides, a gap (AS2: a 
quantity of flexure) is small, so that an excessive load 
occurs at the contact point between the leaf spring and 
theball, and a high stress occurs on the leaf spring. 2S 
[0144] In German Patent DE3730393C2 shown in 
FIG. 38, when the torque load is applied, the contact- 
point-to^ontact point distance (L1 ) decreases stepwise 
due to the flexure of the leaf spring. The distance L1 
gets approxirnate to zero as the torque increases, the 30 
load applied 'on the contact point rises in proportion to 
the torque; and the stress generated on the leaf spring 
further increases. As this state repeatedly occurs, there 
might be a possibility in which a life-time of the torque 
transfer unit can not be sustained long. 35 
[0145] By contrast, according to the present fourth 
embodiment shown in FIGS. 20 and 21, the leaf spring 
9 can be sufficiently flexural at its spherical member sid- 
ed contact portion 9a through the biasing portion 9c, and 
a sufficient quantity of flexure can be thus ensured *o 
[0146] Further, because of including the cylindrical 
members 8 in addition to the spherical merhbers 7, when 
the torque is transferred, the cylindrical members 8 
make contact with the axially-extending grooves 4, 6 of 
the male shaft 1 and of the female shaft 2 earlier than 45 
the excessive load (stress) is applied on the leaf springs 
9, and are capable of mainly transferring the torque, and 
consequently the excessive load (stress) is applied on 
neither the spherical members 7 nor the leaf springs 9. 
[0147] Thus, the leaf spring 9 can ensure the sufficient so 
quantity of flexure, and the excessive load (stress) is 
applied on neither the spherical members 7 nor the leaf 
spring 9. Therefore, when the torque is transferred, the 
stress generated at the contact portion between the 
spherical member 7 and the leaf spring 9 can be re- 55 
lieved, whereby none of the high stress occurs and the 
pre-load performance can be maintained over a long pe- 
riod of time by preventing a "fatigue" due to the perma- 



nent deformation. 

[0148] Incidentally, in FIG. 20, when the torque is not 
transferred, the minute gaps exist between the cylindri- 
cal member 8 and the axially-extending groove 4 of the 
male shaft 1 and between the cylindrical member 8 and 
the axially-extending groove 6 of the female shaft 2, 
however, the cylindrical members 8 abut onto the 
grooves. 

[0149] In German Patent DE3730393C2 shown in 
FIGS. 37 and 38, a sectional configuration of the axially- 
extending groove of the male shaft, in which the leaf 
spring is disposed, is a circular-arc shape having a cur- 
vature, and the leaf spring also assumes a circular-arc 
shape having a curvature, wherein the leaf spring is giv- 
en spring characteristic by changing the respective cur- 
vatures. 

[0150] Hence, the contact points between the leaf 
spring and the male shaft are, as shown in FIG. 37, cor- 
ners of the male shaft. Accordingly, as illustrated in FIG. 
38, when the torque load is applied, the whole of the leaf 
spring'slides sideways, thereby inducing a decrease in 
the transfer torque and causing the excessive hystere- 
sis. 

[0151] In contrast, in the present fourth embodiment 
illustrated in FIGS. 20 and 21, the axially-extending 
grooves of the male shaft 1 is configured of the flat sur- 
faces. A central line of the axially-extending groove 3 is 
directed to a central point of the male shaft 1 , wherein 
thegroove 3 takes a wedge-like shape showing a sym- 
metry between the right and left halves with respect to 
the center of the axially-extending groove 3. An angle 
(contact angle) of the wedge is preferably 40 through 70 
degrees to the center of the axially-extending groove 3. 
With this contrivance, the leaf spring 9 is firmly fixed to 
the wedge surfaces of the axially-exteriding groove 3, 
and hence, when the torque load is applied : the whole 
of the leaf spring 9 is hard to slide sideways. Therefore, 
the transfer torque does not decrease, and the occur- 
rence of the excessive hysteresis can be prevented. 
[0152] In German Patent DE3730393C2 shown in 
FIGS. 37 and 38, when the torque load is not applied, 
none of the contact points between the male shaft, the 
spherical member, the leaf spring and the female shaft 
exist on the same line, so that the contact angle comes 
to change according as the torque load is applied. As a 
result, there might be a possibility in which neither a lin- 
ear torsional characteristic necessary for the steering 
shaft nor the proper hysteresis can be obtained. 
[0153] By contrast, according to the present fourth 
embodiment shown in FIGS. 20 and 21 , the contact 
points between the male shaft 1, the spherical member 
7, the leaf spring 9 and the female shaft-2 stay on the 
same line irrespective of the state of the torque load, 
and therefore the contact angle does not'change. This 
makes it possible to acquire the linear torsional charac- 
teristic necessary for the steering shaft and also the lin- 
ear steering characteristic giving the feeling of the high 
rigidity. 
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[0154] FIGS. 22A, 22B and 22C are schematic views 
showing flexural states of the leaf springs employed in 
the respective embodiments of the present invention. 
[0155] FIGS. 39Aand39B are schematic views show- 
ing flexural states of the leaf springs used in German 
Patent DE3730393C2. 

[0156] FIGS. 39A and 39B show simplified models of 
the leaf spring shown in German Patent DE3730393C2. 
FIG. 39A shows a state where it is desired that a proper 
pre-load be applied in a non-load state of the torque, 
wherein a distance (C2) between the leaf spring and the 
axially-extending groove serves as a stroke at which the 
pre-load can be generated as a spring. FIG. 39B shows 
that when load (F1) is applied at two points, the leaf 



spring becomes flexural and eventually contacts with »5 tending groove 3. 



state, when the load (F1) is applied at two points (cor- 
responding to the spherical member sided contact por- 
tion 9a), the elastic body can sufficiently get flexural, and 
the ample quantity of flexure (AS1 ) can be ensured. Ac- 
cordingly, the pre-load performance can be maintained 
over the long period of time by preventing the "fatigue" 
due to the permanent deformation. Note that the rela- 
tionship between the interval (C1) and the quantity of 
flexure (AS1) is given by C1 > AS1 . 
[0160] Next, as described above, when the torque is 
applied, the whole of the leaf spring 9 is so structured 
as to be hard to slide sideways, however, the bottom 
portion 9d of the leaf spring 9 is allowed to slightly shift 
sideways from the bottom surface 3b of the axially-ex- 



the side surfaces of the axially-extending groove. Con- 
sequently, the leaf spring must receive all the torque at 
the points contacting with the ball. Accordingly, the leaf 
spring is unable to increase a quantity of flexure (AS2) 
thereof, and it is presumed that the steering shaft is hard 20 
tosustain its necessary life-time. Note that a relationship 
between. the distance (C2) and the quantity of flexure 
(AS2) is given by C2 s AS2. 

[0157]. By contrast, according to the fourth embodi- 
ment of the present invention illustrated in FIG. 22A, an 25 
interval between the spherical member sided contact 
portion 9a and the groove surface sided contact portion 
9b of the leaf spring 9 is set to (C1). In this state, when 
the load (F1) is applied at two points (corresponding to 
the spherical member sided contact portion 9a), the so 
elastic body can sufficiently get flexural, and an ample 
quantity of flexure (AS1) can be ensured. Accordingly, 
the pre-load performance can be maintained over the 
long period of time by preventing the "fatigue" due to the 
permanent deformation. Note that a relationship be- 35 
tween the interval (C1) and.the quantity of flexure (AS 1 ) 
is given by C1 > AS1. 

[0158] In an embodiment (which will hereinafter- be 
described by way of a sixth embodiment) of the present 



[0161] Namely, the bottom portion 9d of the leaf spring 
9, as in the present fourth embodiment, is set in the con- 
tact-state with the bottom surface 3b of the axially-ex- 
tending groove 3, or as in a fifth. embodiment which will 
be explained later on, an interval from the bottom sur- 
face 3b of the axially-extending groove 3 is set to a pre- 
determined interval. 

[0162] Hence, the bottom portion 9d of the leaf spring 
9 is made contact with the bottom surface 3b of the ax- 
ially-extending groove 3 as the necessity may arise, 
thereby making it possible to control the hysteresis and 
to obtain the hysteresis as desired. 
[0163] Namely, it is required that the. hysteresis be 
changed in many ways in matching with the steering 
performance of each vehicle. To be specific, in a case 
where the bottom portion 9d of the leaf spring 9 is set in 
the contact-state with the bottom surface 3b of the axi- 
ally-extending groove 3, a friction occurs when the axi- 
ally-extending groove 3 and the leaf spring 9 make the 
relative movements, and the hysteresis can be set com- 
paratively large. On the other hand, the interval between 
the bottom surface 3b of the axially-extending groove 3 
and the bottom portion 9d of the leaf spring 9 is set to 
the predetermined interval, in. which case none of the 



invention shown in FIG. 22B, the interval between the 40 friction occurs when the axially-extending groove 3 and 



spherical member sided contact portion 9a and the 
groove surface sided contact portion 9b of the leaf 
spring 9 is set to (C1). In this state, when the load (F1) 
is applied at two points (corresponding to the spherical 
member sided contact portion 9a); the elastic body can 45 
sufficiently get flexural, and the ample quantity of flexure 
(AS1 ) can be ensured. Hence, the pre-load performance 
can be maintained over the long period of time by pre- 
venting the "fatigue" due to the permanent deformation. 
Note that a relationship between the interval (C1) and so 
the quantity of flexure (AS1 ) is given by C1 > AS1 . 
[0159] In an embodiment (which will hereinafter be 
described by way of a seventeenth embodiment) of the 
present invention shown in FIG. 22C, the interval be- 



the leaf spring 9 make the relative, movements, and the 
hysteresis can be set comparatively small. 

(Fifth Embodiment) 

[0164] FIG; 23 is a cross-sectional view (correspond- 
ing to a cross-sectional view taken along the line X-X in 
FIG. 1 8A) of the telescopic shaft for the steering of the 
vehicle in a fifth embodiment of the present invention. 
[0165] The fifth embodiment is substantially the same 
as the fourth embodiment discussed above, wherein the 
bottom surface 3b of the axially-extending groove 3 and 
the bottom portion 9d of the leaf spring 9 are spaced at 
a predetermined interval. 



tween the spherical member sided contact portion 9a 55 [0166] Accordingly, in this case, as explained above, 



and the.groove surface sided contact portion 9b of the 
leaf spring 9 is set to (C1), and the biasing portion 9c is 
formed of a rubber, a synthetic resin and so on. In this 



the hysteresis can be controlled and can be set compar- 
atively small without the occurrence of the friction when 
the axially-extending groove 3 and the leaf spring 9 
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move relatively. 
(Sixth Embodiment) 

[01 67] FIG. 24 is a cross-sectional view (correspond- 
ing to the cross-sectional view taken along the line X-X 
in FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a sixth embodiment of the present inven- 

[0168] The sixth embodiment is substantially the 
same as the fifth embodiment discussed above, wherein 
the spherical member sided contact portion 9a of the 
leaf spring 9 is formed at a folding side end portion of 
the leaf spring 9, and the groove surface sided contact 
portion 9b is formed at a folding intermediate portion of 
the leaf spring 9. 

[0169] Further, as in the fifth embodiment discussed 
above, the bottom surface 3b of the axially-extending 
groove 3 and the bottom portion 9d of the leaf spring 9 
are spaced at a predetermined interval. 

(Seventh Embodiment) 

[0170] FIG. 25 is a cross-sectional view (correspond- 
ing to the cross-sectional view taken along the line X-X 
in FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a seventh embodiment of the present in- 
vention. 

[0171] The seventh embodiment is substantially the 
same as the fourth embodiment discussed above, 
wherein the spherical member sided contact portion 9a 
of the leaf spring 9 is formed with a protruded portion 9e 
protruding towards the groove surface sided contact 
portion 9b. 

[01 72] This configuration enables the spherical mem- 
ber sided contact portion 9a to make contact at four 
points with the spherical member 7 and the load at the 
contact points between the leaf spring 9 and the spher- 
ical member 7 to be decreased, whereby the stress can 
be relieved. 

[0173] Moreover, the bottom portion 9d of the leaf 
spring 9 is set in the contact-state with the bottom sur- 
face 3b of the axially-extending groove 3. In this case, 
as described above, the hysteresis can be controlled, 
the friction occurs when the axially-extending groove 3 
and the leaf spring 9 move relatively, and the hysteresis 
can be set comparatively large. 

(Eighth Embodiment) 

[0174] FIG. 26 is a cross-sectional view (correspond- 
ing to the cross-sectional view taken along the line X-X 
in FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in an eighth embodiment of the present in- 
vention. 

[0175] The eighth embodiment is substantially the 
same as the seventh embodiment discussed above, 
wherein the bottom surface 3b of the axially-extending 



groove 3 and the bottom portion 9d of the leaf spring 9 
are spaced at a predetermined interval. 
[0176] Accordingly, in this case, as explained above, 
the hysteresis can be controlled and can be set compar- 
5 atively small without the occurrence of the friction when 
the axially-extending groove 3 and the leaf spring 9 
move relatively. 

(Ninth Embodiment) 

10 

[01 77] FIG. 27 is a cross-sectional view (correspond- 
ing to the cross-sectional view taken along the line X-X 
in FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a ninth, embodiment of the present inven- 
15 tion. 

[0178] The ninth embodiment is substantially the 
same as the fourth embodiment discussed above, 
wherein tip end portions of the groove surface sided 
contact portion 9b of the leaf spring 9 are folded inwards 
20 to make contact with the spherical member sided con- 
tact portions 9a thereof. 

[0179] This contrivance enables an increase in the ri- 
gidity of the leaf spring 9 and an improvement of the tor- 
sional rigidity. 

25 

(Tenth Embodiment) 

[0180] FIG. 28 is a cross-sectional view (correspond- 
ing to the cross-sectional view taken along the line X-X 
30 in FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a tenth embodiment of the present inven- 
tion. 

[0181] The tenth embodiment is substantially the 
same as the ninth embodiment discussed above, 

35 wherein the bottom surface 3b of the axially-extending 
groove 3 and the bottom portion 9d of the leaf spring 9 
are spaced at a predetermined interval. 
[0182] Accordingly, in this instance, as described 
above, the hysteresis can be controlled and can be set 

40 comparatively small without the occurrence of the fric- 
tion when the axially-extending groove 3 and the leaf 
spring 9 move relatively. 

(Eleventh Embodiment) 

45 

[0183] FIG. 29 is a crossrsectional view(correspond- 
ing to the cross-sectional view taken along the line X-X 
in FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in an eleventh embodiment Of the present 

so invention. 

[0184] The eleventh embodiment is substantially the 
same as the sixth embodiment discussed above, where- 
in the spherical member sided contact portion 9a of the 
leaf spring 9 is formed on the folded-back end portion 

55 of the leaf spring 9, and the groove surface sided contact 
portion 9b is formed at a folding intermediate portion of 
the leaf spring 9. In this case also, the same action and 
effects as those in the third embodiment discussed 
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above can be exhibited. 

[01 85] A tip end portions of the spherical member sid- 
ed contact portion 9a of the leaf spring 9 are folded out- 
wards to make contact with the groove surface sided 
contact portions 9b. With this contrivance, the rigidity of s 
the leaf spring 9 can be increased, and the torsional ri- 
gidity can be improved. 

(Twelfth Embodiment) 

10 

[0186] FIG. 30 is a cross-sectional view (correspond- 
ing to the cross-sectional view taken along the line X-X 
in FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a twelfth embodiment of the present in- 
vention. 15 
[0187] The twelfth embodiment is substantially the 
same as the fourth embodiment discussed above, 
wherein the crooked biasing portion 9C of the leaf spring 
9 is eliminated, a pair of spherical member sided contact 
portions 9a are constructed of an inside plate 9f bent 20 
substantially in a U-shape, and a pair of groove surface 
sided contact portions 9b are constructed of an outside 
plate 9g bent substantially in a U-shape. Biasing por- 
tions 9h formed of different elastic materials such as rub- 
bers or synthetic resins, etc. are interposed between flat 25 
surfaces of the inside plate 9f and flat surfaces of the 
outside plate 9g. 

[0188] Further, there is no gap between a bottom sur- 
face of the inside plate 9f and a bottom surface of the 
outside plate 9g, wherein these bottom surfaces are set 30 
in a contact state. In this case, the hysteresis can be 
controlled, the friction occurs when the inside plate 9t 
and the outside plate 9g move relatively, and the hys- 
teresis can be set comparatively large. 

35 

(Thirteenth Embodiment) 

[0189] FIG. 31 is a cross-sectional view (correspond- 
ing to the cross-sectional view taken along the line X-X 
in FIG. 18A) of the telescopic shaft for the steering of 40 
the vehicle in a thirteenth embodiment of the present 
invention. 

[01 90] The thirteenth embodiment is substantially the 
same as the twelfth embodiment discussed above, 
wherein there is a slight gap between the bottom surface 
of the inside plate 9f and the bottom surface of the out- 
side plate 9g, wherein these bottom surfaces are set in 
a non-contact state. In this case, the hysteresis can be 
controlled, none of the friction occurs when the inside 
plate 9f and the outside plate 9g move relatively, and so 
the hysteresis can be set comparatively small. 

(Fourteenth Embodiment) 

[0191] FIG. 32 is across-sectional view (correspond- 55 
ing to the cross-sectional view taken along the line X-X 
in FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a fourteenth embodiment of the present 
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invention. 

[0192] The fourteenth embodiment is substantially 
the same as the fourth embodiment discussed above, 
wherein in the leaf spring 9, second biasing portions 9j 
formed of different elastic materials such as rubbers or 
a synthetic resins, etc. are interposed between the 
spherical member sided contact portions 9a and the 
grove surface sided contact portions 9b. 
[0193] With this configuration, the elasticity inherent 
in the different elastic material is added to the elasticity 
inherent in the body of the leaf spring 9 itself, whereby 
the higher torsional rigidity can be acquired. 

(Fifteenth Embodiment) 

[0194] FIG 33 is a cross-sectional view (correspond- 
ing to the cross-sectional view taken along the line X-X 
in FIG. 1 8A) of the telescopic shaft for the steering of 
the vehicle in a fifteenth embodiment of the present in- 
vention. 

[0195] The fifteenth embodiment is substantially the 
same as the fifth embodiment discussed above, wherein 
in the leaf spring 9, the second biasing portions 9j 
formed of different elastic materials such as rubbers or 
a synthetic resins, etc. are interposed between the 
spherical member sided contact portions 9a and the 
groove surface sided contact portions 9b. 
[0196] With this configuration, the elasticity inherent 
in the different elastic material is added to the elasticity 
inherent in the body of the leaf spring 9 itself, whereby 
the higher torsional rigidity can be acquired. 

(Sixteenth Embodiment) 

[0197] FIG. 34 is a cross-sectional view (correspond- 
ing to the cross-sectional, view taken along the line X-X 
in FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a sixteenth embodiment of the present in- 
vention. 

[0198] The sixteenth embodiment is substantially the 
same as the sixth embodiment discussed above, where- 
in in the leaf spring 9, the second biasing portions 9j 
formed of different elastic materials such as rubbers or 
synthetic resins, etc. are interposed between the spher- 
ical member sided contact portions 9a and the grove 
surface sided contact portions 9b. 
[0199] With this configuration, the elasticity inherent 
in the different elastic material is added to the elasticity 
inherent in the body of the leaf spring 9 itself, whereby 
the higher torsional rigidity can be acquired. 

(Seventeenth Embodiment) 

[0200] FIG. 35 is a cross-sectional view (correspond- 
ing to the cross-sectional view taken along the line X-X 
in FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in a seventeenth embodiment of the present 
invention. 
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[0201] The seventeenth embodiment is substantially 
the same as the twelfth or thirteenth embodiment dis- 
cussed above, wherein in the leaf spring 9, a pair of 
spherical member sided contact portions 9a are con- 
structed of two pieces of plates as inside plates, and a 
pair of groove surface sided contact portions 9b are con- 
structed of an outside plate 9g bent substantially in a U- 
shape. The biasing portions 9h formed of different elas- 
tic materials such as rubbers or a synthetic resins, etc. 
are interposed therebetween. 

[0202] With this configuration, the elasticity inherent 
in the material itself can be utilized, and, especially in 
the case of requiring the low torsional rigidity, the char- 
acteristic thereof can be exhibited. 

(Eighteenth Embodiment) 

[0203] FIG. 36 is a cross-sectional view (correspond- 
ing to the cross-sectional view taken along the line X-X 
in FIG. 18A) of the telescopic shaft for the steering of 
the vehicle in an eighteenth embodiment of the present 



[0204] The eighteenth embodiment is what the leaf 
spring 9 is provided on the side of the female shaft 2 in 
the fourth embodiment discussed above. 
[0205] The axially-extending groove 5 of the female 
shaft 2 is constructed of a pair of slant flat side surfaces 
5a and a bottom surface 5b formed flat between the pair 
of flat side surfaces 5a. 

[0206] The leaf spring 9, which makes contact with the 
spherical member 7 and thus gives the pre-load thereto, 
is provided between the axially-extending groove 5 of 
the female shaft 2 and the spherical members 7. 
[0207] The leaf spring 9 includes the spherical mem- 
ber sided contact portions 9a making contact at two 
points with the spherical member 7, the groove surface 
sided contact portions 9b spaced at a predetermined in- 
terval substantially in the peripheral direction from the 
spherical member sided contact portions 9a and making 
contact with the flat side surfaces 5a of the axially-ex- 
tending groove 5 of the female shaft 2, biasing portions 
9c for elastically biasing the spherical member sided 
contact portions 9a and the groove surface sided con- 
tact portions 9b in such a direction as to get separated 
from each other, and the bottom portion 9d facing the 
bottom surface 5b : of the axially-extending groove 5. 
[0208] The biasing portion 9c is bent substantially in 
a circular-arc shape and thus takes substantially a U- 
shape. The biasing portion 9c taking the bent shape can 
elastically bias the spherical member sided contact por- 
tion 9a and the groove surface sided contact portion 9b 
in such a direction as to get separated from each other. 
[0209] Thus, even when the leaf spring 9 is disposed 
conversely to the fourth embodiment, the same action 
and effects can be exhibited. 

[0210] Note that the present invention can be modi- 
fied in a variety of forms without being limited to the em- 
bodiments discussed above. 



[0211] As explained so far, according to the fourth 
through eighteenth embodiments of the present inven- 
tion, the elastic body includes the transfer member sided 
contact portions making contact with the first torque 

5 transfer member, the groove surface sided contact por- 
tions spaced at the predetermined interval substantially 
in the peripheral direction from the transfer member sid- 
ed contact portions and making contact with the groove 
surfaces of the axially-extending groove of the male 

io shaft or the female shaft, and the biasing portions for 
elastically biasing the transfer member sided contact 
portions and Jhe groove surface sided contact portions 
in such a direction as to get separated from each other. 
Therefore, in the elastic body, the transfer member sid- 

»5 ed contact portions can gain the sufficient flexures 
through the biasing portions, and the ample quantities 
of flexures can be ensured. 

[0212] Further, as the second torque transfer member 
in addition to the first torque transfer member is provid- 

20 ed, when the torque is transferred, the second transfer 
members make contact with the axially-extending 
grooves of the male shaft and of the female shaft earlier 
than the excessive load (stress) is applied on the.elastic 
body, and are capable of mainly transferring the.torque, 

25 and consequently the excessive load (stress) is applied 
on neither the first torque transfer members nor the elas- 
tic body. 

[0213] Moreover, the elastic body can, as described 
above, ensure the sufficient quantity of flexure,. and the 
30 excessive load (stress) is applied on neither the first 
torque transfer members nor the elastic body. Hence, 
when the torque is transferred, the stress generated at 
the contact portion between the first torque transfer 
member and the elastic body can be relieved. This pre- 
ss vents the high stress from occurring, and the pre-load 
performance can be maintained over the long period of 
time by preventing the "fatigue" due to the permanent 
deformation. 

[0214] Still further, in the elastic body, the transfer 

40 member sided contact portions thereof make contact 
with the first torque transfer member and the groove 
surface sided contact portions thereof make contact 
with the groove surface of the axially-extending groove. 
Therefore, the elastic body is in the state of fitting to the 

45 axially-extending groove. Accordingly, when the torque 
is transferred, the whole of the elastic body is hard to 
slide sideways in the peripheral direction from the axi- 
ally-extending groove. Hence, the decrease in the trans- 
fer torque is not induced, and the hysteresis can be pre- 

50 vented from becoming excessive. 

[0215] Furthermore, the contact points between the 
male shaft, the spherical member, the elastic body and 
the female shaft stay on the same line irrespective of 
the state of the torque load, and therefore^ the contact 

55 angle does not change. This makes it possible to ac- 
quire the linear torsional characteristic necessary for the 
steering shaft and also the linear steering characteristic 
giving the feeling of the high rigidity. 
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[0216] Note that manufacturing errors of the male 
shaft, the female shaft and the elastic body can be ab- 
sorbed by the elastic deformation of the elastic body, so 
that a tolerance can be set large and a scheme of re- 
ducing the costs can be attained. 
[0217] From what has been discussed so far, accord- 
ing to the fourth through eighteenth embodiments of the 
present invention, the stress generated on the elastic 
body is relieved, whereby the pre-load performance re- 
quired over the long period of time can be maintained 
by preventing the "fatigue" of the elastic body. Further, 
there is no necessity of setting the dimensional accuracy 
strict, and the reduction in the costs can be actualized. 
Moreover, the steering performance required can be 
easily obtained because of being structured so that the 
friction between the elastic body and the axially-extend- 
ing groove can be controlled. 



Claims 



2. A telescopic shaft for steering of a vehicle according 
to claim 1 , wherein said elastic body for the pre-load 
is constructed of one piece of leaf spring. 

3. A telescopic shaft for steering of a vehicle according 
to claim 1 , wherein said elastic body for the pre-load 
is constructed of a composite body formed of differ- 
ent materials. 

4. A telescopic shaft for steering of a vehicle with a 
Cardan shaft joint, to be assembled in a steering 



A telescopic shaft for steering of a vehicle, assem- 
bled in a steering shaft and including a male shaft 
and a female shaft that are so fitted as not to be 
rotatable but to be slidable, 

characterized In that a first torque transfer 
member is interposed through an.elastic body for 
pre-load between at least a pair of axially-extending 
grooves formed in an outer peripheral surface of 
said male shaft and in an inner peripheral surface 
of said female shaft, 

a second torque transfer member is inter- 
posed between at least another pair of axially-ex- 
tending grooves formed in the outersperipheral sur- 
face of said male shaft and in the inner peripheral 
surface of said female shaft, and 

when a steering toque is equal to or smaller 
than a predetermined level, said elastic body for the 



A telescopic shaft for steering of a vehicle, assem- 
bled in a steering shaft and including a male shaft 
and a female shaft that are so fitted as not to be 
rotatable but to be slidable, 

characterized in that a rolling member is fit- 
ted through an elastic body for pre-load between at 
least a pair of axially-extending grooves formed in 
an outer peripheral surface of said male shaft and 
in an inner peripheral surface of said female shaft, 

a slide member is fitted in between at least 
another, pair of axially-extending grooves formed in 
the outer peripheral surface of said male shaft and 
in the inner peripheral surface of said female shaft, 
and 

when a steering toque is equal to or smaller 
than a predetermined level, said elastic bodyforthe 
pre-load exhibits a low rigidity characteristic as said 
elastic body performs pre-load action; when the 
steering torque is equal to or larger than the prede- 
termined level, said slide member exhibits a high 
rigidity characteristic as said slide member engages 
with said pair of axially extending grooves; and two- 
staged torsional rigidity characteristics of the low ri- 
gidity characteristic and the high rigidity character- 
istic, are thereby provided. 



shaft, including a male shaft and a female shaft that 
are so fitted as not to be rotatable but to be slidable, 
and receiving a connection of a yoke of a Cardan 
shaft joint, 

characterized in that rolling members are fit- 
ted through an elastic body for pre-load between at 
least a pair of axially-extending grooves formed in 
an outer peripheral surface of said male shaft and 
in an inner peripheral surface of said female shaft, 

a slide member is fitted in between at least 
another pair of axially-extending grooves formed in 
the outer peripheral surface of said male shaft and 
in the inner peripheral surface of said female shaft, 

a buffer member is interposed between said 
yoke and any one of said male shaft and said female 
shaft, 

said yoke is formed with an engaged portion, 
and any one of said male shaft and said female 
shaft is provided with an engaging member capable 
of engaging with and disengaging from said en- 
gaged portion, and 

when a steering toque is equal to or smaller 
than a predetermined level, said engaging member 
does not engage with said engaged portion while 
said buffer member exhibits a low rigidity character- 
istic as said buffer member performs buffer action; 
when the steering torque falls within a predeter- 
mined intermediate range, said elastic body for the 
pre-load exhibits an intermediate rigidity character- 
istic as said elastic body performs pre-load action; 
when the steering torque is equal to or larger than 
the predetermined level, said engaging member en- 
gages with said engaged portion while said slide 
member exhibits a high rigidity characteristic as 
said slide member engages with said pair of axially- 
extending grooves in a peripheral direction; and 
three-staged torsional rigidity characteristics of the 
low rigidity characteristic, the intermediate rigidity 
characteristic and the high rigidity characteristic, 
are thereby provided. 
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pre-load exhibits a low rigidity characteristic as said 
elastic body performs pre-load action; when the 
steering torque is equal to or larger than the prede- 
termined level, said second torque member exhibits 
a high rigidity characteristic as said second torque 5 
transfer member engages with said pair of axially 
extending grooves; and two-staged torsional rigidity 
characteristics of the low rigidity characteristic and 
the high rigidity characteristic, are thereby provided. 

io 

6. A telescopic shaft for steering of a vehicle, assem- 
bled in a steering shaft and including a male shaft 
and a female shaft that are so fitted as not to be 
rotatable but to be slidable, 

characterized in that a first torque transfer '5 
' member is interposed through an elastic body in at 
least one line of axially-extending groove formed in 
each of an outer peripheral surface of said male 
shaft and an inner peripheral surface of said female 
shaft, 2° 

a second torque transfer member is inter- 
posed between at least another line of axially-ex- 
tending groove formed in each of the outer periph- 
eral surface of said male shaft and the inner periph- 
eral surface of said female shaft, and -? 5 

said elastic body includes: 

a transfer member sided contact portion being 
in contact with said first torque transfer mem- 
ber; 30 
a groove surface sided contact portion spaced 
at a predetermined interval substantially in a 
peripheral direction from said transfer member 
sided contact portion, and being in contact with 
a groove surface of said axially-extending 35 
groove of said male shaft or said female shaft; 
and 

a biasing portion elastically biasing said trans- 
fer member sided contact portion and said 
groove surface sided contact portion in such a *o 
direction as to get separated from each other. 



to claim 6 or 7, wherein said axially-extending 
groove of said male shaft or said female shaft has 
a flat side surface which is in contact with said 
groove surface sided contact portion of said elastic 
body, and a bottom surface contiguous to said flat 
side surface, 

said elastic body has a bottom portion facing 
said bottom surface of said axially-extending 
groove, and 

said bottom portion of said elastic body is set 
in a contact state with said bottom surface of said 
axially-extending groove, or an interval between 
said bottom surface of said axially-extending 
groove and said bottom portion of said elastic body 
is set to a predetermined interval. 

10. A telescopic shaft for steering of a vehicle according 
to claim 6 or 7, wherein said biasing portion of said 
elastic body is a separate portion from said transfer 
member sided contact portion and from said groove 
surface sided contact portion, and is formed of a dif- 
ferent material. 

1 1 . A telescopic shaft for steering of a vehicle according 
to claim 6 or 7, wherein said elastic body includes, 
in addition to said transfer member sided contact 
portion, said groove surface sided contact portion 
and said biasing portion, a second biasing portion 
formed of a different material as a separate portion. 

1 2. A telescopic shaft for steering of a vehicle according 
to claim 6 or 7, wherein said elastic body is con- 
structed of a leaf spring. 

1 3. A telescopic shaft for steering of a vehicle according 
to claim 6 or 7, wherein said biasing portion provid- 
ed as the separate portion and formed of the differ- 
ent material and said second biasing portion provid- 
ed as the separate portion and formed of the differ- 
ent material, are made of a rubber or a synthetic 
resin. 



A telescopic shaft for steering of a vehicle according 
to claim 6, wherein said first torque transfer member 
includes rolling members that roll when said two « 
shafts make relative movements in the axial direc- 
tion, and 

said second torque transfer member includes 
a slide member that slides when said two shafts 
make the relative movements in the axial direction, so 



. A telescopic shaft for steering of a vehicle according 
to claim 6, wherein a lubricating agent is applied be- 
tween said axially-extending groove of said male 
shaft, said axially-extending groove of said female 
shaft, said elastic body and said first torque transfer 



8. A telescopic shaft for steering of a vehicle according 
to claim 6 or 7, wherein said biasing portion of said 
elastic body takes a bent shape bent between said 
transfer member sided contact portion and said 55 
groove surface sided contact portion. 

9. Atelescopicshaftforsteeringof a vehicle according 
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